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EXECUTIVE SUMMARY

This study develops a Tailgate Test Kit to be used in the field to test flocculants for reducing turbidity in
construction stormwater discharge. Turbidity of stormwater runoff at construction sites varies
depending on which site soils are exposed to erosion. Previous research shows that the effectiveness of
different flocculants also varies depending on the site soils. As the name suggests, the Tailgate Test Kit
is a mobile means to efficiently determine which of the numerously available flocculant products works
well for a particular construction site.

Thirteen flocculant products of various classifications were obtained from product representatives.
Stormwater samples from eight different sites were collected for product testing to develop product
mixing and dosing guidance. Initially, worksheets with mixing and dosing guidance were developed for
the 13 products. The worksheets help identify the effective product dose to achieve the target turbidity
goal. Scaling procedures are provided to guide converting the test results into the dosing rates for full
scale product application.

Based on testing results of 13 products, a shortened list of five tests was recommended for use in the
Tailgate Test Kit. These five tests provide a range of flocculant product classifications while greatly
reducing the testing time required. If new products are to be considered for the Tailgate Test Kit,
procedures to test these products are provided.

Four methods for testing residual/unreacted products were investigated based on suggestions from
product representatives and research. Observations were made during product testing which raised
several questions regarding the feasibility of these methods for testing residual product. A preferred
method was not identified for use in the Tailgate Test Kit. It is recommended that residual testing is

investigated further. Suggested methods include:

e Mixing untreated sample with product-treated sample
e Individual product residual tests

e Maximum product dosing limits

e Environmental stress indication test

In addition to further investigation of residual testing, it is recommended that testing of new products
be continued as they are developed and funding exists.



CHAPTER 1: INTRODUCTION

1.1 PROJECT OBIJECTIVES

The research presented in the following report was conducted to develop a Tailgate Test Kit to be used
for field testing flocculant products for reducing turbidity in construction stormwater discharge. The
specific objectives include:

o Develop an on-site Tailgate Test Kit to be used to test flocculant products on construction
stormwater discharge.

e Develop dosing and mixing guidance for testing the flocculant products.

e Develop guidance for determining an effective product dose to meet target turbidity goals. The
effective dose can also be used to evaluate cost effectiveness for full-scale product application
to construction stormwater discharge.

e Develop a procedure to scale product test results to full-scale product application to
construction stormwater discharge.

e Develop a method for testing/detecting residual/unreacted products in construction
stormwater discharge to reduce the potential for overdosing.

e Provide guidance to prevent overdosing, and what actions to take if product spillage occurs.

1.2 PRODUCTS TESTED IN STUDY

The flocculant products used in this study were identified based on the following:

e Input from the Technical Advisory Panel (TAP) included MnDOT staff, a representative from a
watershed district, and other consultants;

e Review of previous research by Dreschel (2014); and

e Review of other state Department of Transportation (DOTSs).

Appendix A provides a review of previous research.

The product list was developed to represent a variety of products, and product types, to adequately test
and develop the “Tailgate Test Kit.” Since products, or product types, may vary in effectiveness on
different soil types and environmental conditions, the product list was created to include a range.

The product manufacturers were contacted to discuss their products and to identify the best product to
include in this study. Based on the manufacturer recommendations, the products identified for use in
the study are detailed in Table 1.1.



Table 1.1 Products Identified for use in the Tailgate Test Study.

Product Name Manufacturer

Product

Classification/Family?

FLOC 06 Innovative Turf Solutions

Mineral

SCI CW-A0 Standard Contracting

Mineral

Earth Poly-Stable Earth and Road

Polyacrylamide

Plus
Liquifloc 1% Dober Chitosan
LBP 2101 Dober Biopolymer

Biostar-CH 2% Hild and Associates

Chitosan/Biopolymer

APS 706b Floc Log

Inc.

APL Bridger Hild and Associates Polyacrylamide
APS 703d#3 Floc Applied Polymer System:s, Anionic

Log Inc. Polyacrylamide
Applied Polymer System:s, Anionic

Polyacrylamide

! The product classification/family for each product was provided by the product manufacturers.

This list is not a comprehensive list. It is recommended that additional products be tested and

considered for use in the Tailgate Test Kit as funding allows.

1.3 SAMPLES INFORMATION

There were eight samples collected to test the products and help develop the Tailgate Test Kit. Samples

were collected from a variety of locations throughout Minnesota that provide varying test conditions
(specifically soil type and possibly other environmental factors). The eight samples are described in

Table 1.2. Figure 1.1 shows the locations of the samples.

Table 1.2 Samples Tested.

Sample ID Location Initial Turbidity Number of Products
(NTU)? Tested
Test Sample Synthetic sample made ~1000? 13
from pond sediments
Sample 1 From a discharge hose at a ~1000! 13
St. Croix River construction
site
Sample 2 From a discharge hose at a ~1000! 13
Hwy 53 (northern MN)
construction site




Sample ID Location Initial Turbidity Number of Products
(NTU)? Tested
Sample 3 From a discharge hose ata | Significantly greater 13
St. Paul Technical College than 1000
construction site
Sample 4 Created from a soil sample ~500 13
and water collected at a
Hwy 371 (central MN)
construction site
Sample 5 Grab samples from three | ~100, 280, and >1000 | 5 (onsite testing with
separate BMPs from a Hwy the Tailgate Test Kit)
36 and Lex. Ave.
construction site in
Roseville.
Sample 6 Grab sample from a Hwy ~500 5 (onsite testing with
96 (north metro) the Tailgate Test Kit)
construction site runoff
Sample 7 Synthetic sample made a >1000 5
Nemadiji River construction
site soil and distilled water

1 At the time of testing the sample, the turbidity meter that was used was later identified to not provide reliable measurements greater than
100 NTU. The sample was not able to be tested with a turbidity meter with a range up to 1000 NTU, but based on sample observations the
initial turbidity was estimated at approximately 1000 NTU. Although the turbidity meter measurements greater than 100 NTU were not reliable
and were excluded, the measurements less than 100 NTU were reliable and included.
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CHAPTER 2: METHODS

This section provides the following information:

e Adescription of the development of the Tailgate Test Kit,
e The methods and guidance on performing the tests,

e Steps to develop a new product test,

e Scaling test results to full scale product application, and
e An evaluation of product residual.

2.1 TAILGATE TEST KIT DESCRIPTION

The Tailgate Test Kit is a mobile field kit for performing bench test scale product tests to identify
effective flocculant products that can be scaled to treat construction stormwater discharge. A detailed
description of the Tailgate Test Kit that was developed for use in this study is provided in Appendix B.
The important items are listed below.

e Aturbidity meter.

e Sample/test containers.

e Dose measurement tools.

e Field documentation worksheets.

e The products to be tested.

e Personal protective equipment (PPE).

Additional items that are not necessary to perform the product tests, but are helpful with conducting
the tests include:

e Timer or stopwatch.

e Meter for pH and temperature.

e Mixing utensils to mimic full scale mixing method.

e Storage containers for organization.

e Supplies for cleaning the testing equipment and garbage collection.

2.2 TESTING METHODS AND PRODUCT TEST WORKSHEETS

The primary purpose of the Tailgate Test is to answer the following questions:

e What product(s) work to reduce the turbidity of construction stormwater discharge to achieve
the turbidity goal?
e What is the effective product dose?

To help answer these questions, worksheets were created for 13 tests show below that include mixing
and dosing guidance, data collection tables, and space for observation notes or calculations.



e Test 1 - Control (No Products Tested)

e Test2-Floc06

e Test 3-SCI-CW-AO

e Test 4 — Earth Poly-Stable Plus

e Test5 - Liquifloc 1%

e Test 6—LB2101 (first) then Liquifloc 1% (second)

e Test 7 —Biostar-CH 2%

e Test 8 — APL Bridger

e Test 9 — Biostar-CH 2% (first) then APL Bridger (second)
e Test 10 — APL Bridger (first) then Biostar-CH 2% (second)
e Test 11— APS 703d#3 Floc Log

e Test 12— APS 706b Floc Log

e Test 13 — APS 703d#3 Floc Log and APS 706b Floc Log (Simultaneously)

The worksheets for the 13 tests are provided in Appendix C.

In general, performing a product test worksheet typically takes between 30-60 minutes depending on
test results. Due to the time necessary to complete the test worksheet for each product, a shortened list
of five tests is proposed for use in the Tailgate Test Kit. This list was developed based on test results and
observations. The worksheets for the five tests proposed for use in the Tailgate Test Kit are available in
Appendix D. The shortened list of tests includes:

e Test 1- Control (No Products Tested)
e Test2-Floc06

e Test 3-SCI-CW-AO0

e Test5— Liquifloc 1%

e Test7—Biostar-CH 2%

Specific guidance for each test is provided in the worksheets of Appendices C and D. A typical test is
summarized in the following steps.

e (Collect a sample for testing that is representative of the construction stormwater discharge that
is to be treated. Ideally, this would be a sample from the end of the discharge hose. Collect
enough sample to complete all the tests expected to be performed. Once collected, separate
the sample into the testing containers (one for each product/test).

e Begin completing the worksheets for each test. It is important to complete Test 1 which is the
control. This establishes the initial sample conditions that can be used to compare to the
product tests results.

e The first step to complete for each product test is the “Rapid Test” check. The Rapid Test is
simply a check to see if the product will work and is completed by overdosing the sample with
large amounts of the product to see if a reaction occurs. A visual observation is made to
determine if the product will provide results that can meet the target goal.



e Once the Rapid Tests are completed, perform the “Dosage Estimation Test” for the products
that appear to work on the sample. When performing the “Dosage Estimation Test” for each
product, follow the mixing and dosing guidance on the test worksheets.

e Each dose/mixing step includes adding a dose of the product, mixing the product, and letting sit
for typically 30 seconds to 1 minute. At the end of the 30 seconds to 1 minute, if a reaction is
noticed, the sample needs to be undisturbed to allow for settling for approximately 5 minutes.
After 5 minutes, a turbidity measurement can be collected to compare to the target turbidity
goal. If no reaction is noticed at the end of the 30 seconds to 1 minute, then repeat an
additional dose/mixing step until target turbidity levels are met.

e Aturbidity measurement is collected after a reaction is noticed by pipetting or decanting a
portion of the sample into a cuvette or test tube to be measured by a calibrated turbidity meter.

e The incremental dose/mixing steps allow for a dose-turbidity curve to be generated which can
be used to identify the effective product dose necessary for full scale application. It is important
to record the cumulative doses that have been added and the corresponding turbidity
measurements so this curve can be generated.

e After the test has been completed, it is beneficial to measure the final pH and temperature of
the sample.

Once the tests are completed and results are evaluated, the product(s) that work and the effective
doses are identified. The results can then be used to scale up for treatment of the construction
stormwater discharge to meet turbidity goals.

2.3 SCALING TEST RESULTS TO FULL SCALE APPLICATION

The Tailgate Test Kit provides the tools needed to complete the product test worksheets that help
identify the effective dose to meet target turbidity goals. Ultimately, the test results are scaled to treat
construction stormwater discharge. The difficulty in scaling test results is to convert the test result to
the proper dosing rate for application to the construction stormwater discharge. A detailed procedure
for scaling the test results are included as Appendix E. The following summarize the scaling process:

e Determine/estimate the total volume of water to be treated.

e Identify the construction stormwater discharge rate that is going to be treated.

e Select the product to use.

e Identify the effective product dose needed to treat the sample volume.

e Estimate total product needed to treat the total volume to target turbidity goal.

e Estimate the product dose rate to treat the construction stormwater discharge rate.

e Monitor reduction results during full scale product application. Adjust dose rate as necessary to
achieve target turbidity goal.

If several products were determined to be effective, the total amount of each product required coupled
with its respective cost can be used to identify the most cost-effective option.



2.4 FLOCCULATION BEST MANAGEMENT PRACTICE

During full scale product application, flocculation products can be applied through many application
methods to treat high turbidity construction stormwater discharge. Some of the delivery and application
methods include:

e Directly applying product to the surface of a storage BMP (mixing mechanism may be required;

e Direct injection to surface flow and/or pipe flow; and

e Passive dosing installed instream, within a conveyance system or at a concentrated discharge
point like an inlet.

The effectiveness of each delivery method is the result of the associated mixing process. It is important
to test and mix the flocculants in the tailgate test similarly to the mixing that is anticipated during large
scale application.

After product application, the treated discharge should be routed to a settling BMP to allow floc
particles to settle prior to discharging to the downstream water body. Based on test observations from
this study, it is also recommended that a filter is incorporated into the floc removal plan located after
the settling BMP. See links in Appendix A to diagrams of dosing methods.

2.5 NEW PRODUCT WORKSHEET DEVELOPMENT AND TESTING

It was not feasible to test all products in the Tailgate Test Kit Study. The procedure to test new products
was developed so that additional products can be tested and included in the Tailgate Test Kit in the
future. The detailed steps for testing a new product are included in Appendix F. An overview of this
procedure is provided below.

e Contact manufacturer to obtain a sample of the product.

e Obtain available product information from the manufacturer including Material Safety Data
Sheet (MSDS), and mixing and dosing guidelines.

e Begin testing of new product following manufacturer mixing and dosing guidelines.

e Typically, first a product dose is added to the sample, the sample is mixed, and then the sample
is observed for a reaction. The specific testing steps will depend on product and manufacturer
recommendations.

e If areaction is noticed, a turbidity measurement should be collected for developing dose-
turbidity curves.

e Repeat the dose, mixing, observation, and turbidity measurement as needed to achieve the
target turbidity goal.

e Repeat test on multiple stormwater samples (typically 3-5, but as needed) to develop the dosing
and mixing recommendations.

o After testing the samples, review the results and make a determination if a worksheet should be
developed for the product and included in the Tailgate Test Kit.



e The worksheet should include the mixing and dosing guidance, and a data table. Review other
product worksheets for guidance.

e Identify the product weight conversions that are helpful with scaling test results to full scale
product application.

Once the product has been tested and a worksheet developed for field testing, the product can be
included in the Tailgate Test Kit.

2.6 RESIDUAL/UNREACTED PRODUCT TESTING

Creating a residual test to detect unreacted product in the construction stormwater discharge reduces
the chance for overdosing at full scale applications. Four methods for testing residual/unreacted product
were investigated and discussed below.

2.6.1 Residual Testing by Mixing Untreated Sample with Product Treated Sample

The idea of mixing untreated sample with the product treated sample is if a reaction occurred, this
would indicate that residual product is present. This test method would require knowing the untreated
sample turbidity, the product treated sample turbidity, and an accurate estimate of what the combined
turbidity should be prior to a reduction due to residual product (if any) after mixing the two together.
The feasibility of this method as a reliable residual test became questionable after testing the products
on several samples. Observations were made that may not make this method feasible for testing
residual product. These observations include:

e For many of the samples, a reaction was not noticed or measurable until enough incremental
product doses were added to cause a significant reaction.

e After a reaction was noticed, the turbidity measured was dependent on the time allowed for
settling of floc particles.

These observations generate questions regarding the feasibility of this method as a residual test. It is not
clear if the observations mean a threshold dose may be required before a measurable reaction occurs. If
this is the case, there may be residual product, but not enough to cause a measurable reaction. Also,
does the product bind to particles when no reaction is observed and there just isn’t enough product to
generate larger floc reactions, or is the product not binding to the particles until enough product is
dosed to cause a reaction? For both scenarios, the residual test method described above would not
identify residual product because a measurable reaction does not occur.

The time that is allowed for settling of floc particles prior to a turbidity measurement does impact the
turbidity measured. A turbidity measurement taken after a short settling time is higher than compared
to a turbidity measurement taken after a longer settling time. This means that it may be difficult to
distinguish between a reduction due to a residual reaction, or a reduction due to the settling time prior
to testing the turbidity of the mixed samples (untreated mixed with treated). After mixing the samples,
time will need to be allowed for the reaction (if any) and subsequent settling of floc to occur prior to



turbidity measurement. Therefore, it may be difficult to determine if there is residual product with this
method.

2.6.2 Individual Product Residual Tests

Based on conversations with product manufacturers, there may be specific residual tests for each
product, or product type. The manufacturers of the products identified for use in the Tailgate Test Kit
were contacted to further discuss residual testing of their products.

2.6.2.1 Residual Testing of Product SCI-CW-AQ

The manufacturer of product SCI-CW-AQ indicated that a laboratory test could be performed to test
unreacted residual product. This test cannot be completed in the field and is a polymonomer acrilimide
LC/MS test.

The manufacturer also recommended a couple observations/field level tests that could indicate an
overdose with residual/unreacted product. These non-quantitative observations/field level tests
include:

e After agitation of the test sample and/or the treated surface water look for a cloudy gray/white
appearance. If gray/white appearance is present, the water has been overdosed.

e After settlement of floc particles, pour water over fingers and rub them together. If water feels
slippery, you have residual product over the recommended dosage.

2.6.2.2 Residual Testing of Product FLOC-06

Based on conversations with the manufacturer of Floc 06, it is understood that the Floc 06 product is
insoluble. As a result, residual floc 06 product is in a particulate form. A laboratory test for total
suspended solids (TSS) could be performed to test for residual product, however, it may be difficult to
distinguish residual Floc 06 Product from other particulates showing up as TSS.

The manufacturer also recommended a field level observation test that could indicate an overdose with
residual/unreacted product. The observation is simply to check visually if there is residual/unreacted
Floc 06 since the Floc product swells and creates a visible solid that is insoluble.

2.6.2.3 Residual Testing of Liquifloc 1% and Other Chitosan Based Products

Based on conversations with the manufacturer of the Liquifloc 1% product, there is a test that is
available for purchase that can test chitosan based products in the field. This test is capable of testing
the residual of chitosan based products down to 0.1 ppm. This residual test kit was not tested in
developing the Tailgate Test Kit.
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2.6.3 Maximum Product Dosing Limit Method

A single residual test that would work for all products, and product types, may not be feasible.
Additionally, it may not be desirable to have several different product specific tests. An alternative
method to testing residual would be to establish maximum dosing limits for each approved product. For
this approach, there may be the possibility of some residual/unreacted product during application. The
state of Wisconsin uses maximum dosing limits as the method for regulating product application (WDNR
2015).

2.6.4 Environmental stress Indication Test

Another possible alternative approach to testing residual could be performing an environmental stress
indication test. The environmental stress indication test could monitor an environmental sensitivity
indicator such as a minnow in the product treated sample for a predetermined time. The result of the
test could indicate the potential environmental impact.

2.7 SAFETY, STORAGE, HANDLING, AND SPILL MANAGEMENT

Prior to using one of the products included in this study, or a new product, the manufacturers product
Material Safety Data Sheet (MSDS) should be reviewed for proper safety, storage, handling, and spill
management.

The manufacturer safety recommendations should be followed while using the products. In general, for
the products tested in this study, safety recommendations for all handling applications includes
minimum level D Personal Protective Equipment (PPE) which includes:

e long pants,

e Ashirt with sleeves,

e Safety glasses, and

o Closed toe work boots.

Proper hygiene procedures should also be followed while handling the products such as washing hands
after handling the chemicals. In addition, do not eat, drink, smoke or apply cosmetics until hands have
been washed and do not ingest any of the products. To assist with the handling recommendations,
water, soap and towels should be available while handling the products. Additional details on product
hazards, safety and emergency information for each product based on a review of product MSDS and
manufacturer’s recommendations are included in Appendix A.

The manufacturer recommendations for storage, handling and spill management should be followed for
each product. In general, products included in this study should be stored in a dry, cool, and well
ventilated location. Cleanup of spills for the products included in this study varies but can include
vacuuming, sweeping/dry wiping, or soaking up/absorbing product. Do not flush with water or wet
spilled products and wear proper PPE. Disposal of spilled product should be to a licensed landfill
according to federal, state, and local regulations. Additional details on product storage procedures, spill

11



procedures, and waste considerations for each product based on review of product MSDS and
manufacturer’s recommendations are included in Appendix A.
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CHAPTER 3: RESULTS

This section summarizes the results obtained from performing the product tests on the samples.
Appendix G includes the detailed results and Appendix H includes the completed field worksheets that
were used to record the raw data.

3.1 TEST PERFORMANCE SUMMARY

Table 3.1 summarizes the test results that achieved the target turbidity goal of 50 NTU for each sample.
After Sample 4 was tested, the test results for each sample were reviewed and based on the results a
shortened test list was identified.

Table 3.1 Test Results that Achieved Target Turbidity Goal of 50 NTU.

Test Test | Sample | Sample | Sample | Sample | Sample | Sample | Sample

Sample 1 2 3 4 5 6 7

(Conltrol) NA NA NA NA NA NA NA NA

2 Yes Yes Yes Yes Yes Yes Yes Yes

3 Yes Yes Yes No No Yes Yes No
4 Yes No No No No - - -

5 Yes Yes Yes Yes Yes Yes Yes Yes
6 Yes Yes Yes No No - - -

7 Yes Yes Yes No Yes Yes Yes No
8 Yes Yes No No Yes - - -
9 Yes Yes Yes No Yes - - -
10 Yes Yes Yes Yes Yes - - -
11 Yes No No No No - - -
12 Yes No No No No - - -
13 Yes No No No No - - -

NA, Not Applicable

— Test not completed for that sample.

Due to the test results, Tests 4, 11, 12, 13 were not included in the shortened test list for the Tailgate
Test Kit.

The test results for Test 6 were similar to Test 5, so Test 6 was not included in the shortened test list for
use with the Tailgate Test Kit. If Test 5 meets the target turbidity goal, and the product is selected for full
scale application, the Test 6 product combination may also be a potential option.

The test results for Tests 8, 9 and 10 were similar to Test 7, so Tests 8, 9, and 10 were not included in the
shortened test list for use with the Tailgate Test Kit. If Test 7 meets the target turbidity goal, and the
product is selected for full scale application, the Tests 8, 9, and 10 product combinations may also be a
potential option.
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3.2 RESULTS SUMMARY

The final treated sample was filtered through a coffee filter to measure the benefit of filtering. The
results show that there is an additional reduction benefit due to filtering. Up to 82% removal was
measured comparing the final unfiltered turbidity to the final filtered turbidity.

The initial pH was measured for each sample and the final pH was measured for each test. In general,
only minor changes in pH (<+£1.0) were observed from the initial to final measurements for 10 of the
product tests. Notable changes in pH (>+1.0) were observed multiple times for Test 2 (Floc 06) and once
for Test 6 (LB2101 (first) then Liquifloc 1% (second)).

For a couple of the samples, a final turbidity measurement was taken after all tests were completed to
check how additional settling time affected the turbidity reduction. The results showed that additional
reduction benefit was measured after additional settling time. This was specifically observed for Test 2
(Floc 06), Test 5 (Liquifloc 1%), Test 7 (Biostar-CH 2%).

3.3 VISUAL OBSERVATIONS

The following observations were made when performing the tests.

e For many of the tests, several doses were required before a reaction was noticed and/or
measurable.

e After a reaction was noticed, the turbidity measured was dependent on the time allowed for
settling of floc particles.

e The floc that formed varied for each product. The different products created either large floc,
medium floc, or small floc.

e Significant amount of floating floc was observed multiple times with Test 2 (Floc 06). Based on
conversations with the manufacturer, this is due to hydrocarbons, pigments, or dyes present in
the sample. Filtration is recommended in removing floc particles in full scale applications that
may be floating or suspended.

e The product for Test 4 (Earth Poly Stable Plus) would develop a thick/syrupy texture after
product dosing.

14



CHAPTER 4: CONCLUSION AND RECOMMENDATIONS

4.1 CONCLUSION

The overall objectives of this study were met.

e ATailgate Test Kit was developed for field testing flocculants for reducing turbidity in
construction stormwater discharge. Essential items for the test are:

A turbidity meter

Sample/test containers

Dose measurement tools

Field documentation worksheets (prepared as part of this study)

The products to be tested — four selected products include Floc 06, SCI-CW-AQ, Liquifloc 1%,

and Biostar-CH 2%

o Personal protective equipment (PPE)

o O O O

e Test procedures and dosing guidance are provided.

e Scaling procedures were developed to convert the test result into the dosing rate for full-scale
product application.

e Methods for testing residual/unreacted product were investigated. No preferred method was
identified for use. There does not appear to be a simple/straightforward residual test that can
be included in the Tailgate Test Kit and used to test all floc products, or product types.

4.2 RECOMMENDATIONS FOR NEXT STEPS

Two recommendations are presented for next steps with this study.

First, it is recommended that the product list for the Tailgate Test Kit be periodically updated as
necessary. Given time limitations, only selected products were tested in this study for the Tailgate Test
Kit. It is expected that other effective products may be available and/or developed in the future.

Second, it is recommended to further investigate methods for identifying residual/unreacted products.

15



REFERENCES

1. Dreschel, S. J. (2014). Flocculation Treatment BMPs for Construction Water Discharges. Minnesota
Department of Transportation Research Services and Library, St Paul, MN.

2. Wisconsin Department of Natural Resources, Bureaus of Water Quality and Watershed
Management (2015). Water Quality Review Procedures For Additives. Guidance Number:
3400-2015-03, WisDOT, WI.

16



APPENDIX A
TASK 2: REVIEW PREVIOUS RESEARCH



VARV
(A

Technical WENCK
Memo

Responsive partner.
Exceptional outcomes.

To: Dwayne Stenlund and Dan Sullivan, Minnesota Department of Transportation
From: Kirby Templin and Jeff Strom, Wenck Associates, Inc.
Date: May 17, 2016

Subject: Task 2 - Review Previous Research

1. Introduction

The purpose of this technical memo is to identify the flocculants for use in the Tailgate Test
Study, associated dosing guidance and mixing procedures, and to document the review of

previous research on the use of flocculants to treat construction stormwater done by other
state departments of transportation.

2. Select Flocculants for Use in Tailgate Test Study

The flocculants identified for potential use in the Tailgate Test Study are detailed in Table 1.
The flocculants were identified based on input from the Minnesota Department of
Transportation (MNDOT) and Technical Advisory Panel (TAP), review of Dreschel 2014, and
review of other state Department of Transportation (DOTs). The flocculants identified for
use in the Tailgate Test Study should provide results for a variety of soil types and
adequately test and develop the “Tailgate Test” for testing flocculants on construction
stormwater discharge in the field. It is recommended that additional flocculants, not listed
above, be included or substituted into the tailgate test in the future as they are identified as
preferred or effective flocculants for use with Minnesota soil types. Manufacturer’s
recommendations should be reviewed and followed for each flocculant for proper use,
handling, storage and safety.

Table 1. Products Identified for use in the Tailgate Test Study.

Product Name Manufacturer
Earth Poly-Stable Plus Earth and Road
FLOC 06 Innovative Turf Solutions
SCI CW-A0 Standard Contracting
Biostar-CH Hild and Associates
APL Bridger Flocculant Hild and Associates
APS 703d#3 Floc Log Applied Polymer Systems, Inc.

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 p-fmail wenckmp@wenck.com  Web wenck.com
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Product Name Manufacturer
APS 706b Floc Log Applied Polymer Systems, Inc.
LBP 2101 Coagulant Dober
Liquifloc 1% Flocculant Dober

3. Web Search

A web search was conducted to investigate how flocculants are used to treat construction
stormwater in other states. The web search identified and included the following state
environmental agencies and DOTs: Alabama, Georgia, Mississippi, New York, North Carolina,
Oregon, Washington and Wisconsin. Table 2 provides a brief summary of the information
available on each state’s website. Additional information is available at the website links
provided in Attachment A. In general, each state supports the use of approved flocculants
as a potential BMP to treat stormwater runoff from construction sites. The review identified
many potential flocculants for use, however, there was no definitive research or programs
identified that would suggest the inclusion of flocculants identified by the web search in the
Tailgate Test Study at this time. A table is included in Attachment B which lists the products
approved for use by other DOTs that were identified through the web search. Most of the
states include general language within their stormwater BMP manuals limiting the use of
flocculants to certain applications and procedures. Most states review flocs on a case by
case basis and some common themes for approved flocculants included:

Cationic polymers are generally not supported due to toxicity concerns.
Anionic polymer mixtures shall have less than or equal to 0.05% free acrylamide by
weight as established by the FDA.

e Flocculants, especially polymers, shall not be directly applied to surface waters of the
state.

e Flocculants should only be used when self-contained sediment control structures are
in place downstream to settle the floc prior to discharge to surface waters.

e Applicators must provide Material Safety Data Sheets (MSDS) and toxicity
information (supplied by the manufacturer) to the local permitting authority for
approval prior to application in the field.

e Applicators should follow the manufacturer’'s recommended application rate and
instructions.

e Flocculants shall be selected based on site-specific soil conditions through jar tests
and/or other screening process.

A good example of guidance/procedures is Wisconsin DNR'’s Draft Technical Standard 1051
(Wisconsin DNR, 2015). Links to other state department websites with information on the
use of flocculation are listed in the references section at the end of this memo.

2
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Table 2. General findings from the DOT web search.

State Findings

DOT has list of approved Temporary Erosion and Sediment Control Products. The product list

Alabama includes 8 flocculants and approved manufacturers.

Erosion and Sediment Control Manual identifies flocculants as a potential BMP within construction
storm water ditches and storm drainages which feed into pre-constructed ponds or basins. The
Georgia state does not have an approved list of products or manufacturers. Application shall comply with
all federal and local rules and regulations and the operator is responsible for securing applicable
permits.

Mississippi DEQ’s Erosion and Sediment Control Manual identifies flocculants as a potential
practice in conjunction with pumped construction site stormwater systems. The manual contains
jar test guidelines to determine the most effective type of PAM for a given site. The state does not
have an approved list of products or manufacturers.

Mississippi

Very little information/guidance available online regarding flocculants as a potential stormwater

New York treatment practice

North Carolina Erosion and Sediment Control Practice Standards and Specifications Guidelines
approves the use of flocculants as a potential BMP after all physical BMPs have been implemented.
Only products that pass the state’s chronic toxicity testing requirements are allowed. North
Carolina Division of Water Resources maintains a list of approved PAMS/Flocculants.

BMP handbook mentions the use of flocculants as possible BMP in stormwater runoff. However,
the state does not have a well-developed set of guidelines, standards, or list of approved
products. The state has conducted a fair amount of research on the effectiveness and
environmental impacts of Chitosan products.

State Construction Stormwater Pollution Prevention Guidelines contains criteria for chemical
treatment product use and treatment system design considerations for flocculants. The
Washington Department of Ecology maintains an approved list of existing technologies and
manufacturers.

Wisconsin DNR recently released procedures/guidance (currently in draft form) for using additives
for stormwater sediment control (Wisconsin DNR, 2015). This document defines toxicity,
application and product approval criteria for polymers and other flocculants. The state does not
have an approved list of products or manufacturers.

North Carolina

Oregon

Washington

Wisconsin

4. Dosage Guidance

The dosage guidance for the flocculants identified for use in the Tailgate Test Study are
based on manufacturer’'s recommendations, unless noted otherwise, and are detailed in
Table 3. Flocculant dosing should follow manufacturer’s recommendations. Many of the
flocculants identified can be obtained in a dry powder or liquid form, and in different
concentrations. The flocculants received from the vendor are either a dry powder, a liquid
solution ready for use in the study, or a high concentration formulation from which a
reduced concentration solution needs to be created. The formulations obtained for use in
the Tailgate Test Study were primarily a dry powder or liquid solution ready for test
application. Although other formulations and concentrations are available for many of the
products tested, the formulation used in the study was identified as the easiest formulation
for use at a bench scale test level.

Dosage guidance is dependent on engineering factors which include but are not limited to
flow rate and the flocculant solution concentration. The overall effectiveness of a flocculant
is dependent on several environmental factors which include but are not limited to
construction stormwater discharge turbidity, pH, and temperature. Based on the literature
review of the products and discussions with manufacturers, there are no untreatable

3
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turbidity limits, however thick sludge or mud consistencies are not treatable. In general, as
turbidity increases, a higher dosage is required. Based on discussions with manufacturers,
temperature appears to not inhibit a reaction as long as the stormwater is a liquid (not
frozen). However, lower temperatures may cause the reaction time to slow down or require
an increase in dosing for the reaction to occur. The ranges of environmental factors that

influence effectiveness of the flocculants are detailed in Table 3.

Table 3. Dosage Guidance Identified for Specific Flocculants.

Tailgate Test

Formulation Dosage Guidance

Product Name

For soil stabilization, 20Ibs per acre dry mix, or mix
Earth P;?IL}IS—StabIe Dry Powder 1-Ib per 100 gallons for hydro seeding application.

(no guidance documentation identified)

A 1-lb per 1,000 gallons construction stormwater
discharge ratio is the dosage guidance (~120 mg per
1000 ml). For Tailgate test, add small quantity
FLOC 06 Dry Powder “pinch” if no reaction observed add more until desired
results are achieved.

(no guidance documentation identified)

For Tailgate test, add small quantity using smidgen
measurement (Start with half smidgen, if no reaction

SCI CW-A0 Dry Powder add the other half smidgen). Approximately 0.25g/1L.

(no guidance documentation identified)

Biostar-CH For turbidity of 200 to 400 NTU dosage of 1 mg/L,
400 to 600 NTU dosage of 2 mg/L, 600 to 800 NTU

And - . dosage of 3 mg/L, 800+ NTU dosage of 4 mg/L
Llgjultel Sl dion (Based on a 2% Solution).
APL Bridger
Flocculant (guidance tables and charts identified)

Single Product testing: Add about 2 of a pencil

eraser sized piece of Floc Log sample to the sample
water.
APS 703d#3 Floc Duplex Product testing Simultaneously: Add about 2
Log of a pencil eraser sized piece of two different Floc Log
Floc Log samples to the sample water.
And

Duplex Product testing separately: Add about %2 of a
APS 706b Floc Log pencil eraser sized piece of 703d#3 Floc Log sample
to the sample water. Remove first Floc Log sample
(703d#3) and add second Floc Log sample (706b).

(guidance documents identified)
Dosage guidance for two part mix with LB2101 and

LBP 2101 Liquifloc 1%. Dosage ratios for # of drops LBP
Coagulant 2101/Liquifloc 1% (1/1, 2/1, 2/2, 3/2, 3/3, etc). Try
1/1 first, if no reaction add next ratio in addition,
And Liquid Solution continue until desired results.
Liquifloc 1% Liquifloc 1% can be used by itself. Slow mix method
Flocculant and add additional drops until desired results.

(no guidance documents identified)
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Environmental
Factors

pH Range, Around
Neutral
Temperature Range,
historically has not
been an issue
Shelf Life, 2 years

pH Range, 4 to 12
Temperature Range,
No
Shelf Life, 2+ years

pH Range, historically
has not been an issue
Temperature Range,
No
Shelf Life, 8 to 16
months

pH Range, 6 to 9
Temperature Range,
Lower temperatures
require a higher dosage
Shelf Life, 12 to 24
months

pH Range, above 3
Temperature Range,
Reaction takes longer
at lower temperatures
(40 degrees or less)
Shelf Life, Up to 5
Years

pH Range, 6.5-8.5
Temperature Range,
No
Shelf Life, 2+ years
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5. Best Mixing Procedures

The mixing procedures for the flocculants identified for use in the Tailgate Test Study are
based on manufacturer’s recommendations, unless noted otherwise, and are detailed in
Table 4. Flocculant application and mixing procedures should follow manufacturer’s
recommendations. The flocculants require different mixing procedures but in general are
either rapid mixing or slow mixing. Rapid mixing can be achieved by shaking the sample by
hand after application of the flocculant. Slow mixing can be achieved by stirring the sample
slowly while the flocculant is applied.

The goal of the Tailgate Test kit is to quickly test several flocculants to identify effective
flocculants that work for the project site. When transitioning to large scale application, it is
important to deliver/apply the flocculant to the construction stormwater discharge in a
manner that is similar to the mixing procedure used in the Tailgate Test to achieve similar
results. Similarly, the mixing procedure used in the Tailgate Test should mimic the mixing
procedure that is planned for large scale application. After the Tailgate Test, it is
recommended that a larger scale test application is performed to measure the effectiveness
of scaling the dosing rate and mixing procedure. Adjustments to the dosing rate and mixing
procedure should be made as necessary to achieve desired results.

Table 4. Mixing Procedures Identified for Specific Flocculants.

Mixing ..
Product Name Method Mixing Procedures
Product can be applied in dry powder form and mixed rapidly by hand shaking.
Earth Poly-Stable Rapid Mixing Flocculation is expected to occur quickly, within 1 minute. For large scale

application, can be applied as dry powder to surface or can be applied by
hydroseeding method to surface.

Product can be applied in dry powder form and mixed rapidly by hand shaking.
FLOC 06 Rapid Mixing Flocculation is expected to occur almost instantly. For large scale application,
can be applied by hand or spreader directly onto/into BMPs.

Product can be applied in dry powder form and mixed rapidly by hand shaking.
SCI CW-A0 Rapid Mixing Flocculation is expected to occur within 30-40 seconds. Bench level testing
should imitate the mixing method/BMP used for large scale application.

Vigorously stir the drops into the solution (Do not shake). The reaction is
Biostar-CH instantaneous (less than 10 seconds). Allow 5 minutes for settling to occur.
Settling and/or filtration is needed for removal of the floc which For large scale

Plus

And Slow Mixing application settling in basin may take 12 to 24 hours. The Biostar-CH and APL
Bridger Flocculant can be used both independently and in coordination with each

APL Bridger other. Effective treatment depends on site specific conditions. Test both

Flocculant separately, also test Biostar-CH first then APL Bridger second, and lastly test
APL Bridger first then Biostar-CH second.
Single Product testing: Moderately swirl the container to mix the sample with
the product. The reaction should happen within 1 minute.
A 705:9#3 e Duplex Product testing Simultaneously: Moderately swirl the container to mix
the sample with the product. The reaction should happen within 1 minute.
And Slow Mixing

Duplex Product testing separately: Moderately swirl the container after addition
of the first 703d#3 Floc Log sample to mix the sample with the product until
destabilization begins (record time). After removing 703d#3 and adding 706b

moderately swirl until water is clear. The reaction should happen within 1
minute.

APS 706b Floc Log

5
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Mixing ..
Product Name Method Mixing Procedures
cor ﬁa(’:t Rapigl'\gii‘ LBP Mixing guidance for DPS (Dual Part System) mix with LB2101 and Liquifloc 1%.
< Add LBP 2101 first (Rapid Mix) then add Liquifloc 1% second (Slow Mix). See
And And dosage guidance for more mixing details.
- o . : -
Liquifioc 1% Slow Mix Liquifloc 1% can be used by |tse_lf. SI(_)w mix method and add additional drops
A until desired results.
Flocculant Liquifloc 1%

6. Best Management Practices

The flocculants presented in this memo can be used in a variety of ways for reducing total
suspended solids (TSS) in construction stormwater discharge. Many of the products may be
applied directly to disturbed bare soil to bind sediments and reduce erosion resulting in
overall lower TSS in the construction stormwater. The products can also be applied directly
to high TSS concentration construction stormwater through many delivery and application
methods prior to discharging offsite.

There are several delivery and application methods that have been tested with success. The
effectiveness of each delivery method is the result of the mixing associated with the
delivery/application. It is important to test and mix the flocculants in the tailgate test
similarly to the mixing that is anticipated during large scale delivery and application. Some
of the delivery and application methods include: directly applying to the surface of a storage
BMP (mixing mechanism may be required), direct injection to surface flow and/or pipe flow,
and passive dosing with a floc filled bag installed instream, within a conveyance system or
at a concentrated discharge point (inlet). See links in Attachment A to diagrams/pictures of
dosing methods/examples.

Manufacturers offer their flocculant products in several formulations which allow for multiple
delivery and application options. A summary of formulations available from the
manufacturers of the flocculants used in this study is included in Table 5.

After effective flocculants are identified from the tailgate test for use in a large scale
application, it is recommended that the manufacturer is contacted to discuss the site
conditions, environmental factors, and project goals to get feedback and recommendations
from the manufacturer.

Table 5. Formulations Available by Manufacturer.

Manufacturer Formulations Available From Manufacturer

Earth and Road

The product is primarily available in liquid solution for application. The product can
also be used in an open weave monofilament geotextile to be placed in an active flow.

The product is a dry powder. The product can also come in a sock and bag form for

Innovative Turf Solutions different application methods. There are 25-30 different blend options to target
specific contaminants.

Standard Contracting Product is only available in a dry powder form.

6
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Formulations Available From Manufacturer

Biostar CH Acetate Liquid solution available in concentrations of 1% and 2%. Biostar
Bridger liquid available in 0.5% concentration. Biostar CH Lactate Flake is a solid form
of the product that is available in a treatment bag application.

For water clarification, the floc log products are used. Other products for erosion
control and other applications are available in powders or emulsions.

The Liquifloc and LB2101 DPS (Dual Part System) is available in a liquid form or
solid/flake form. The liquid form is available in multiple concentrations.

7. Safety, Storage, Handling and Spill Management

Manufacturer recommendations for safety should be followed while using the products.
Safety for all handling applications includes minimum level D Personal Protective Equipment
(PPE) which includes: long pants, a shirt with sleeves, safety glasses, and closed toe work
boots. Proper hygiene procedures should be followed such as washing hands after handling
the chemicals. Do not eat, drink, smoke or apply cosmetics until hands are washed. Water,
soap and towels should be available while handling chemicals. Do not ingest any of the
products. Table 6 summarizes product hazards, safety and emergency information for each

product based on review of manufacturer’'s recommendations.

Table 6. Summary of Product Hazard, Safety, and Emergency Information.

Product
Name

Earth Poly-
Stable Plus

FLOC 06

SCI CW-A0
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Physical
State

Solid white
powder

Solid/powder

Solid/powder

Recommended

Health Hazards ARG PPE and I
Hazards ) Procedures
Practices
Eyes - Irritation
Skin - Irritation If material contacts
Inhalation - Irritation . skin or eyes, flush
Ingestion - Weakness, el oy Sa'fe.ty olEEEEE, with water. Seek
when wet. nitrile gloves, - .
headache - . medical attention if
A Slightly washing -
Toxicity - None e victim feels unwell
. flammable. facilities. - -
expected. Ingestion of after inhalation or
large amounts may cause ingestion.
serious health effects.
Safety glasses,
nitrile gloves,
Eyes - Irritation washing If material contacts
Skin - Irritation facilities. Avoid skin or eyes, flush
Inhalation - Contains exposure to with water. Seek
. - None - P
silica, respiratory hazard - expected dust. medical attention if
carcinogen P Respiratory victim feels unwell
Ingestion - Irritation protection after inhalation or
Toxicity — None expected recommended if ingestion.
dust is
generated.
I ——— Safety glasses,
Ey(_es Irr_|tat_|on nitrile gloves, If material contacts
Skin - Irritation - .
. . washing skin or eyes, flush
Inhalation - Contains s . .
- . . facilities. Avoid with water. Seek
silica, respiratory hazard - Slippery - o
. exposure to medical attention if
carcinogen. when wet. .
L dust. victim feels unwell
Ingestion - None - . -
Respiratory after inhalation or
expected - . .
protection ingestion.

Toxicity — None expected
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Product
Name

Biostar-CH

APL Bridger
Flocculant

APS 703d#3
Floc Log

APS 706b
Floc Log

LBP 2101
Coagulant

Liquifloc 1%
Flocculant

Physical
State

Liquid

Powder or
liquid

Blue semi
solid gel

Blue semi
solid gel

Liquid

Liquid

Health Hazards

Eyes - Irritation
Skin - None expected
Inhalation - None
expected
Ingestion - None
expected
Toxicity - None expected

Eyes - Irritation
Skin - Irritation
Inhalation - Irritation
Ingestion - Nausea,
vomiting, diarrhea
Toxicity - None expected

Eyes - Irritation
Skin - Irritation, drying
Inhalation - None
expected
Ingestion - None
expected
Toxicity - None expected

Eyes - Irritation
Skin - Irritation, drying
Inhalation - None
expected
Ingestion - None
expected
Toxicity - None expected

Eyes - Irritation
Skin - Irritation
Inhalation - Irritation
Ingestion - Irritation
Toxicity - None expected

Eyes - Irritation
Skin - Irritation
Inhalation - Irritation
Ingestion - Irritation
Toxicity - None expected

Physical
Hazards

None
expected

None
expected

None
expected

None
expected

None
expected

None
expected

Recommended
PPE and
Practices

dust is
generated.

Safety glasses,
nitrile gloves,
washing
facilities.

Safety glasses,
nitrile gloves,
washing
facilities

Safety glasses,
nitrile gloves,
washing
facilities.

Safety glasses,
nitrile gloves,
washing
facilities.

Safety glasses,
nitrile gloves,
washing
facilities.

Safety glasses,
nitrile gloves,
washing
facilities.
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Emergency
Procedures

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

If material contacts
skin or eyes, flush
with water. Seek

medical attention if
victim feels unwell
after inhalation or

ingestion.

Manufacturer recommendations for storage, handling and spill management should be
followed. Table 7 summarizes general product storage procedures, spill procedures, and
waste considerations for each product based on review of manufacturers recommendations.
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Table 7. Summary of Product Storage, Handling and Spill Management Procedures.

Product Name

Earth Poly-Stable
Plus

FLOC 06

SCI CW-AO0

Biostar-CH
And

APL Bridger
Flocculant

APS 703d#3 Floc
Log

And

APS 706b Floc Log

LBP 2101
Coagulant

And

Liquifloc 1%
Flocculant

8.

Tailgate Test

Formulation Storage Guidance

Store in a dry, cool
and well ventilated
location.

Dry Powder

Store in a dry, cool
and well ventilated
location.

Dry Powder

Store in a dry, cool
and well ventilated
location.

Dry Powder

Store between 50-
122 degrees F,
solution will freeze at
26 degrees F (-3 C).

Liquid Solution

Store in a dry, cool
and well ventilated
location.

Floc Log

Store in the original
container in a dry,
cool and well-
ventilated place. Keep
container closed when
not in use.

Liquid Solution

References

Spill Procedures and Waste Considerations

No special precautions required. Sweep up and scoop
into suitable container for use or recycle. Do not flush
with water, rather scoop or vacuum and then flush
remaining traces with water. Spread the recovered
contents on land, or, if contaminated dispose in a
properly designated landfill.

Avoid breathing dust, wear respirator approved for silica
dust. Vacuum up spilled material to avoid generating
airborne dust. Avoid using water as product will become
slippery when wetted. Dispose of waste in a licensed
landfill according to federal, state and local regulations.

Avoid breathing dust, wear respirator approved for
quartz, cristobalite and tridymite dust. Vacuum up
spilled material to avoid generating airborne dust. Avoid
using water as product will become slippery when
wetted. Dispose of waste in a licensed landfill according
to federal, state and local regulations.

For spills, absorb with acid absorbent to recover the
free product, then clean residue with soap and water.
Landfill disposal of collected waste is acceptable as the

compound is biodegradable. Dispose of waste in a
licensed landfill according to federal, state and local
regulations.

Dry wipe spilled material as well as possible and place
collected material in a suitable and closed container.
Flush remaining traces with water. Dispose of waste in
a licensed landfill according to federal, state and local
regulations.

For spills, soak up materials with inert solids, such as
clay or diatomaceous earth as soon as possible. Store
away from other materials. Dispose of waste in a
licensed landfill according to federal, state and local
regulations.

Dreschel, S. J. (2014). Flocculation Treatment BMPs for Construction Water Discharges.
Minnesota Department of Transportation Research Services and Library. St Paul, MN.

Wisconsin DNR (2015). Technical Standard 1051 (DRAFT). “"Water Application of Additives
for Sediment Control”.
http://dnr.wi.gov/news/input/documents/guidance/TS1051Guidance.pdf
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Attachment A

Website Links for Reference
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Links to State Information
Alabama:

http://swcc.alabama.gov/pdf/Erosion%20Handbooks&Guides/Complete Field Guide.pdf

http://swcc.alabama.gov/pdf/Erosion%20Handbooks&Guides/2014%20Handbook%20Compl
ete%20Volume/2014%20ESC%20Handbook%?20Vol%201.pdf

http://www.dot.state.al.us/mtweb/Testing/MSDSAR/QMSD index.htm

http://www.dot.state.al.us/mtweb/Testing/MSDSAR/doc/QMSD/Lii24.pdf

https://gaswcc.georgia.gov/sites/gaswcc.georgia.gov/files/Manual for Erosion and Sedime
nt Control in Georgia Sixth Edition 2014.pdf

Mississippi:

https://deq.state.ms.us/mdeq.nsf/page/NPS PlanningandDesignManual2ndEd Vol1?0penD
ocument

http://opcgis.deqg.state.ms.us/Erosion Stormwater Manual 2ndEd/Volumel/Chap 4 Sectio
ns/4 6/V1 Chap4 6 Sediment Control FLC.pdf

North Carolina:

http://www.hendersoncountync.org/engineering/erosion/Manuals/Chapter 206 March 200
9.pdf

http://portal.ncdenr.org/c/document library/get file?uuid=3c3b8bb4-3f8b-406c-b4c7-
4bdf3f7d91f1&groupld=38364

http://portal.ncdenr.org/c/document library/get file?uuid=bce262fc-256f-438e-9208-
57bc3102929f&groupld=38364

Oregon:

http://www.deq.state.or.us/wg/stormwater/docs/nwr/flocculation.pdf

http://www.oregon.gov/ODOT/TD/TP_RES/docs/reports/assessingtheeffectandenvir.pdf

http://www.oregon.gov/ODOT/TD/TP_RES/research notes/rsn06-07.pdf

Washington:

http://www.wsdot.wa.gov/research/reports/fullreports/490.1.pdf

11
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http://swcc.alabama.gov/pdf/Erosion%20Handbooks&Guides/Complete_Field_Guide.pdf
http://swcc.alabama.gov/pdf/Erosion%20Handbooks&Guides/2014%20Handbook%20Complete%20Volume/2014%20ESC%20Handbook%20Vol%201.pdf
http://swcc.alabama.gov/pdf/Erosion%20Handbooks&Guides/2014%20Handbook%20Complete%20Volume/2014%20ESC%20Handbook%20Vol%201.pdf
http://www.dot.state.al.us/mtweb/Testing/MSDSAR/doc/QMSD/Lii24.pdf
https://gaswcc.georgia.gov/sites/gaswcc.georgia.gov/files/Manual_for_Erosion_and_Sediment_Control_in_Georgia_Sixth_Edition_2014.pdf
https://gaswcc.georgia.gov/sites/gaswcc.georgia.gov/files/Manual_for_Erosion_and_Sediment_Control_in_Georgia_Sixth_Edition_2014.pdf
http://opcgis.deq.state.ms.us/Erosion_Stormwater_Manual_2ndEd/Volume1/Chap_4_Sections/4_6/V1_Chap4_6_Sediment_Control_FLC.pdf
http://opcgis.deq.state.ms.us/Erosion_Stormwater_Manual_2ndEd/Volume1/Chap_4_Sections/4_6/V1_Chap4_6_Sediment_Control_FLC.pdf
http://www.hendersoncountync.org/engineering/erosion/Manuals/Chapter_206_March_2009.pdf
http://www.hendersoncountync.org/engineering/erosion/Manuals/Chapter_206_March_2009.pdf
http://portal.ncdenr.org/c/document_library/get_file?uuid=3c3b8bb4-3f8b-406c-b4c7-4bdf3f7d91f1&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=3c3b8bb4-3f8b-406c-b4c7-4bdf3f7d91f1&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=bce262fc-256f-438e-9208-57bc3102929f&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=bce262fc-256f-438e-9208-57bc3102929f&groupId=38364
http://www.deq.state.or.us/wq/stormwater/docs/nwr/flocculation.pdf
http://www.oregon.gov/ODOT/TD/TP_RES/docs/reports/assessingtheeffectandenvir.pdf
http://www.oregon.gov/ODOT/TD/TP_RES/research_notes/rsn06-07.pdf
http://www.wsdot.wa.gov/research/reports/fullreports/490.1.pdf
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http://www.ecy.wa.qgov/programs/wqg/stormwater/wwstormwatermanual/final bmp c250 1
2 06.pdf

http://www.ecy.wa.gov/programs/wg/stormwater/newtech/equivalent.html

Wisconsin:

http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-
rsrces/environment/Stormwtr-mgmnt.aspx

http://dnr.wi.gov/news/input/documents/guidance/TS1051Guidance.pdf

http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-
rsrces/tools/pal/default.aspx

Links to Diagrams/Pictures of Dosing Methods/Examples

Mississippi DEQ has diagram of sample pumped flocculation injection system and a picture
showing example of PAM treated channel using inlet protection fabric on page 4-330 at the
following link:

http://opcgis.deq.state.ms.us/Erosion Stormwater Manual 2ndEd/Volumel/Chap 4 Sectio
ns/4 6/V1 Chap4 6 Sediment Control FLC.pdf

The report at the following link contains several diagrams and examples of flocculation
systems and water storage and settling tanks (see pages 32-37):

http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP25-25(74) FR.pdf

The EPA handout document at the following link contains several examples of polymer
flocculation BMPs (see pages 2-7):

http://www.siltstop.com/pictures/US%20EPA%20Polymer%20Flocculant%20Handout, %203
-14.pdf

The technical report document by the US DOT at the following link has several example
schematics of chemical treatment/dosing systems (see pages 17-22):

http://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=3&ved=0ahUKEwjFxq

v9gofMAhVI-

2MKHdDIDGAQFggkMAI&url=http%3A%2F%2Fwww.ctiponline.org%2Fpublications%2Fview
file.ashx%3FfileID%3D250&usg=AFQjCNFDxd90dONRe6yCv5I]V7ZMYWCNVcZA
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http://www.ecy.wa.gov/programs/wq/stormwater/wwstormwatermanual/final_bmp_c250_12_06.pdf
http://www.ecy.wa.gov/programs/wq/stormwater/wwstormwatermanual/final_bmp_c250_12_06.pdf
http://www.ecy.wa.gov/programs/wq/stormwater/newtech/equivalent.html
http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/environment/Stormwtr-mgmnt.aspx
http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/environment/Stormwtr-mgmnt.aspx
http://dnr.wi.gov/news/input/documents/guidance/TS1051Guidance.pdf
http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/tools/pal/default.aspx
http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/tools/pal/default.aspx
http://opcgis.deq.state.ms.us/Erosion_Stormwater_Manual_2ndEd/Volume1/Chap_4_Sections/4_6/V1_Chap4_6_Sediment_Control_FLC.pdf
http://opcgis.deq.state.ms.us/Erosion_Stormwater_Manual_2ndEd/Volume1/Chap_4_Sections/4_6/V1_Chap4_6_Sediment_Control_FLC.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP25-25(74)_FR.pdf
http://www.siltstop.com/pictures/US%20EPA%20Polymer%20Flocculant%20Handout,%203-14.pdf
http://www.siltstop.com/pictures/US%20EPA%20Polymer%20Flocculant%20Handout,%203-14.pdf
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjFxqv9gofMAhVI-2MKHdDlDGAQFggkMAI&url=http%3A%2F%2Fwww.ctiponline.org%2Fpublications%2Fview_file.ashx%3FfileID%3D250&usg=AFQjCNFDxd9odONRe6yCv5JV7MYWCNVcZA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjFxqv9gofMAhVI-2MKHdDlDGAQFggkMAI&url=http%3A%2F%2Fwww.ctiponline.org%2Fpublications%2Fview_file.ashx%3FfileID%3D250&usg=AFQjCNFDxd9odONRe6yCv5JV7MYWCNVcZA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjFxqv9gofMAhVI-2MKHdDlDGAQFggkMAI&url=http%3A%2F%2Fwww.ctiponline.org%2Fpublications%2Fview_file.ashx%3FfileID%3D250&usg=AFQjCNFDxd9odONRe6yCv5JV7MYWCNVcZA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjFxqv9gofMAhVI-2MKHdDlDGAQFggkMAI&url=http%3A%2F%2Fwww.ctiponline.org%2Fpublications%2Fview_file.ashx%3FfileID%3D250&usg=AFQjCNFDxd9odONRe6yCv5JV7MYWCNVcZA
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Attachment B

Matrix of Other Department of Transportation Approved Flocculants
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Dwayne Stenlund and Dan Sullivan

Minnesota Department of Transportation

May 17, 2016
State Manufacturer
Applied Polymer
Systems
Innovative Turf
Solutions
Alabama Innovative Turf
Solutions
HaloSource, Inc.
Applied Polymer
System
North
Carolina

Aquamark, Inc

Ashland Hercules
Water Tech

Cape Fear
Consulting

Carolina
Hydrologics

Chemical
Solutions, Inc.

T:\0791 MnDOT\44 Tailgate Test Kit\Task 2 - Review Previous Research\Tailgate Test Task 2 Tech Memo 2016-05-17.docx

Product Name
APS 700 Series
EnviroPam (Granular)

FLOC

HaloKlear/StormKlear
DBP-2100 & Gel Floc
(System)

APS 712
APS 730
APS 740
APS 703d
APS 703d#3
APS 706b
APS 705
AQ100

AQ109

Ashland Charge Pac
55

Ashland Zalta MC
9500

PAX-CFC39A
CFC-4330

HYDROLOC PAM

CS-1234 and/or CS-
1234D

14
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Notes
State Identification Code
PEB# 1264

State Identification Code
PEB# 1232

State Identification Code
PEB# 2907

State Identification Code
PEB# 4018

Maximum Recommended
Concentration: 59.3 ppm

Maximum Recommended
Concentration: 5.6 ppm

Maximum Recommended
Concentration: 5.2 ppm

Maximum Recommended
Concentration: 27.7 ppm

Land surface application only at
39.7 ppm

Land surface application only at
0.180g/I

Maximum Recommended
Concentration: 10 mg/L

Maximum Recommended
Concentration: 10 mg/L

Maximum Recommended
Concentration: 5 ppm

Maximum Recommended
Concentration: 4.5 ppm

Land surface application only at
3.0 mg/I

Maximum Recommended
Concentration: 500 mg/L per
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State Manufacturer Product Name Notes
18% solids

Maximum Recommended

BUSZESABIP Concentration: 10 mg/L
. . Land surface application only at

Green Techniques Soil Defender 0.008%
GelFloc Maximum Recommended
Concentration: 2.56 mg/L
HaloSource, Inc. y— 2 -

aximum Recommende
FEPR O Concentration: 500 mg/L
Hanes Geo TerraGuard Granular Maximum Recommended
Components PAM Concentration: 3.25mg/L
. Maximum Recommended
EnviroPam

Concentration: 200 mg/L
Erosion Guard

Innovative Turf Powder, Erosion Maximum Recommended
Solutions Guard Logs/Erosion Concentration: 200 mg/L
Guard Flats

Maximum Recommended

RECS Concentration: 650 mg/L
L.M.G. Dust Magnet Maximum Recommended
281 Solution Concentration: 0.05%
Leaner Meaner L.M.G. Dust Magnet Maximum Recommended
Greener, Inc 163 powder Concentration: 0.5 mg/L
Maximum Recommended
DlelP=2I0 Concentration: 28.125 mg/L

Maximum Recommended

Mzl el sy Concentration: 100 ppm
GeoScrub 10, 13, 20, Maximum Recommended

o 23, 34 Concentration: 10 mg/L
GeoScrub Bubbles SEDIUTY Re_:commended

Concentration: 1 mg/L
Paschal Associates PFR P251 Maximum R_ecommended
Sales Concentration: 25 ppm
Southeastgrn SEL FLOC 6026 Maximum R_eco.mmended
Laboratories Concentration: 7.5 ppm
Storm Klear 3% Liqui-Floc Maximum Recommended

Concentration: 9.4 mg/L

15
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Dwayne Stenlund and Dan Sullivan
Minnesota Department of Transportation

May 17, 2016

State Manufacturer

Terra Novo

Pacific Inter-
Mountain
Distribution, LLC

Washington

Innovative Turf
Solutions

Central Fiber Corp.

Profile Products

Eastern Products
) ) Inc.
Wisconsin

HydroStraw

Innovative Turf
Solutions

Mat Inc.

Product Name

EarthGuard

EnviroTac II

Floc

Hydroboost Tacpac
GT

Con-Tack A/T
Eco Tak-OP
Eco Tak-SAT

Fiber RX
Hydra Tac

Mat-ST-SS

16
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Notes

Maximum Recommended
Concentration: .000625 mL/L

Determined to be functionally
equivalent to BMP C126
Polyacrylamide for Soil Erosion
Protection and BMP C140 Dust
Control.

Determined to be functionally
equivalent to Chitosan as a
flocculent for use in BMP C250:
Chemical Treatment
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APPENDIX B
TASK 3: TAILGATE TEST KIT DESCRIPTION
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Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation

To:

From: Kirby Templin and Louis Sigtermans, Wenck Associates, Inc.
Date: March 3, 2017

Subject: Task 3 -Tailgate Test Kit Description

The purpose of this technical memo is to summarize and describe the supplies that were
used in the Tailgate Test Kit development for testing flocculants on construction stormwater
discharge in the field. The supplies included in the Tailgate Test Kit study are detailed in

Table 1, and shown in Photos 1 and 2. Items were selected based on portability,

organization, and item durability for research and testing conditions. The list is intended as
a guide to help identify what supplies to include and their intended purpose/use. Not all of
the following items are necessary to put together a Tailgate Test Kit.

Table 1. Supplies included in the Tailgate Test Study.

Organizational

Category Item Description

45 gallon plastic tote

Storage Plastic storage containers

5 gallon buckets with lids

Safety Data Sheets (SDS)
Field note worksheets

Documentation
Clipboard

3-ring binder with tab
dividers

Permanent markers
Office

Pens

Digital stopwatch/timers

Purpose/Intended Use

Storage of all test kit supplies

Organization of PPE, office/misc., products,
measurement tools

Bulk sample storage, rinse water storage

Flocculant product information
(handling, safety, spill management)

Recording results/notes

Writing surface for worksheets

Contains SDS info, worksheets, etc.

Marking and labelling of samples, cuvettes,
etc.

Recording results/notes on worksheets

Recording time between doses

Quantity

As needed

As needed

Each
product

As needed

As needed

As needed

Wenck Associates, Inc.
Toll Free 800-472-2232

| 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427

Main 763-252-6800 g.f£mail wenckmp@wenck.com  Web wenck.com



Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation

March 3, 2017

Organizational
Category

Cleaning

Personal Protective
Equipment (PPE)

Sample
Storage/Mixing

Dosage
Measurement

Meters and Related
Supplies

Item Description

Paper towels

Coffee filters

Plastic trash bags

Ziplock bags

N95 particulate filter
respirators

Disposable nitrile gloves

Safety glasses

48 oz. clear wide mouth
silo Nalgene bottles

Plastic paint stir sticks

Plastic funnels

Funnel rack

Measuring spoon sets:

tad, dash, pinch, smidgen,

drop
1 mL disposable plastic
pipettes
pH and temperature

meter

Turbidity meter with
1,000+ NTU reading
capability

Standard calibration
solutions

Distilled water

Vov
WENCK

Responsive partner.
Exceptional outcomes.

Purpose/Intended Use Quantity
Cleaning aid As needed
Used to simulate filtering of flocculated As needed
stormwater discharge samples
Trash colecton for QSPOSSDIE BREIES, g necdec
As needed for soil sample collection As needed
Protectioninahgaa;;ntisgnp(f)}\z/jv;jaerrd flocculant As needed
Protection against flocculant/sample skin As needed

exposure

Protection against flocculant/sample eye Each analyst

exposure
Sample testing gnd mixing c0|_'1ta|ner, clear 1 for each
to allow for visual observation of floc, test/product
sufficiently tall to allow for settling P
Sample stirring for slow mix methods As needed
Holds coffee filters used for filtering
flocculated samples, and transferring 3
stormwater discharge samples between
containers
Holds filter funnels above 5 gallon bucket 1
Dry power flocculant dosage measurement 2 sets
Sample transfer into cuvettes for turbidity
; . 2 bags of
readings; liquid flocculant dosage 100
measurement
Sample pH and temperature measurement; 1
follow manufacturer procedures
Sample turbidity measurement; 1
follow manufacturer procedures
As needed for tu_rbldl_ty and pH meter As needed
calibration
Turbidity blank for calibration and As needed

equipment rinsing
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O e [ Mine

Mfﬁiultmm]"

Photo 2. Tailgate Test Storage and Documentation Supplies
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APPENDIX C
COMPLETE STUDY TEST WORKSHEETS
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To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin and Louis Sigtermans, Wenck Associates, Inc.

Date: March 3, 2017

Subject: Test Protocol and Worksheets (Complete Study Product List)

Individual worksheets were developed for each product that was tested as part of the
development of the Tailgate Test Kit. The worksheets were revised based on user feedback
during testing and data collection for development of the Tailgate Test Kit. This memo
includes the worksheets developed for the initial 13 tests are included in Attachment A. Not
all of the 13 tests were recommended for use in the Tailgate Test Kit due to test results and
observations.

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 c.f£mail wenckmp@wenck.com Web wenck.com
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Attachment A

Complete Study Test Worksheets
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Field Analyst(s):

Date:
Site:
Table 1 - Product Test List
Test # Test Product Name Manufacturer Formulation
Completed

1 Control - -
2 Floc 06 Innovative Turf Solutions Dry Powder
3 SCI-CW-A0 Standard Contracting Dry Powder
4 Earth Poly-Stable Plus Earth and Road Dry Powder
5 Liquifloc 1% Dober Liquid Solution
6 LB2101 (first) then Liquifloc 1% (second) Dober Liquid Solution
7 Biostar-CH 2% Hild and Associates Liquid Solution
8 APL Bridger Hild and Associates Liquid Solution
9 Biostar-CH (first) then APL Bridger (second) Hild and Associates Liquid Solution
10 APL Bridger (first) then Biostar-CH (second) Hild and Associates Liquid Solution
11 APS 703d#3 Floc Log Applied Polymer Systems, Inc. Floc Log

12 APS 706b Floc Log Applied Polymer Systems, Inc. Floc Log

13 APS 703d#3 Floc Log and 706b Floc Log (simultaneously) Applied Polymer Systems, Inc. Floc Log

Table 2 - Dry Product Measurement Conversions

Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Table 3 - Product Weight Conversions

Product Name? Measurement Volume Equivalent (mL) Weight Equivalent (g) Density (g/mL)
Floc 06 1 drop (spoon) 0.07701 0.06887 0.8942
SCI-CW-A0 1 drop (spoon) 0.07701 0.06435 0.8355
Liquifloc 1% 1 drop (pipette?) 0.0475 0.04773 1.0048
Biostar-CH 2% 1 drop (pipette?) 0.0469 0.04592 0.9790

Sheets and guidance developed through field testing of products

! Density information was not measured for all products

C-3

2 Pipette referred to is the 1 mL disposable pipette used in the research field tests




NES
Q\“ 07;4

O\’
/»° % A
T 2
= 2 Test # 1 WENCK
2 &
6\4” "oQo Responsive partner.
OF T‘QP$ Exceptional outcomes.
Field Analyst(s):
Date:
Site:

Product Tested: Control

Mixing Method: No Mixing Method

Sample Parameters:

Reading Time

Temp (°C)
Initial

H Pre-filter Post-filter
P Turbidity (NTU) | Turbidity (NTU)

Notes:

e The control is a reference that can be used to compare the results from the products that are tested.
e There are no products tested in the control.

Sheets and guidance developed through field testing of products

Test #1 Sheet of



Date:

VQV

Test # 2 WENCK

Site:

Product Tested: Floc 06 (Innovative Turf Solutions)

Test Volume:

Mixing Method: Rapid Mix (Shaking)

ASSOCIATES

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N

Reduction goal achieved visually? Y N

If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder of 30

seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired

results. If results are not achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until

desired results are achieved.

Sample Parameters:

Reading

Time
(clock)

Temp
(°C)

Pre-filter Post-filter

PH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage g ‘o
(min) (Spoon - Drop) (Spoon - Drop) Pre-filter Turbidity (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-5

Test #2 Sheet of
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OF T‘RP$ Exceptional outcomes.
Indicate Field Analyst(s):

Date:
Site:
Product Tested: SCI-CW-AQ (Standard Contracting) Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Rapid Mix (Shaking) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder of 30

seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired

results. If results are not achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until

desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:

Starting Time (clock):
Time Dose Added Cumulative Dosage " -
(min) (Spoon - Drop) (Spoon - Drop) Pre-filter Turbidity (NTU)

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-6 Test #3 Sheet of



WNESQo \/ \4
SR ~n

(o .
7 e
2 C WENCK
7 = Test#4
% éz: ASSOCIATES
< Q -
4/’ $"o Responsive partner.
OF TRM Exceptional outcomes.
Indicate Field Analyst(s):
Date:
Site:
Product Tested: Earth Poly-Stable Plus (Earth and Road) Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Rapid Mix (Shaking) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder of 30

seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired

results. If results are not achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until

desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°C) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Spoon - Drop) (Spoon - Drop) (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-7 Test #4 Sheet of
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Exceptional outcomes.

Indicate Field Analyst(s):
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Date:
Site:

Product Tested: Liquifloc 1% (Dober)

Rapid Test : Add large product dose to sample

Test Volume:

Mixing Method: Slow Mix (Stirring)

Significant Reaction Observed? Y N

Reduction goal achieved visually? Y N

If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat. If reaction is

noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired results. If results are not

achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Time

Reading (clock)

Temp
(°C)

H Pre-filter Post-filter Turbidity
P Turbidity (NTU) (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage . -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-8

Test #5 Sheet of
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Indicate Field Analyst(s):
Date:
Site:
Product Tested: Dual Part System (DPS) LB2101 and Rapid Test : Add large product dose to sample
Liquifloc 1% (Dober)
Significant Reaction Observed? Y N
Test Volume:
Reduction goal achieved visually? Y N
Mixing Method: Rapid Mix - LB2101 (Shaking)
Slow Mix - Liquifloc 1% (Stirring) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Start mixing ratio at step one which is to add 1 drop LB2101 and shake for 5 seconds and then add 1 drop Liquifloc 1% and

stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, perform next mixing step. If reaction is

noticed, wait remainder of 5 minutes to test turbidity (Allows for settling). Repeat for next mixing step until desired results.

Sample Parameters:

Time Temp Pre-filter Post-filter

Reading (clock) (°C) PH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final
Dosing Table:
Start Time (clock): Step Table:
— 3 -
Tme | sten | b step 107057 padt| “hagea ™ | “posage’”
(Drops) (Drops)
1 1 1 1/ 1
2 2 1 3/ 2
3 2 2 5 / 4
4 3 2 8 / 6
5 3 3 11/ 9
6 4 3 15/ 12
7 4 4 19 / 16
8 5 4 24/ 20
Cumulative Dosage: LB2101 / Liquifloc 1%
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-9 Test #6 Sheet of
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Indicate Field Analyst(s):

Date:
Site:
Product Tested: Biostar-CH 2% (Hild and Associates) Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Slow Mix (Stirring) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat. If reaction is

noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired results. If results are not

achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:

Starting Time (clock):
Time Dose Added Cumulative Dosage e -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-10 Test #7 Sheet of
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Date:
Site:

Product Tested: APL Bridger (Hild and Associates)

Test Volume:

Mixing Method: Slow Mix (Stirring)

A
WENCK

ASSOCIATES

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N

Reduction goal achieved visually? Y N

If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. If reaction is

noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired results. If results are not

achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Time

Reading (clock)

Temp
(°C)

pH

Pre-filter
Turbidity (NTU)

Post-filter
Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage . -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products

Test #8 Sheet of
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OF T‘RP$ Exceptional outcomes.
Indicate Field Analyst(s):

Date:
Site:
Product Tested: Biostar-CH (first) then APL Bridger (second) Rapid Test : Add large product dose to sample
(Hild and Associates) L .
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Slow Mix (Stirring) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop Biostar-CH and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop APL Bridger and stir for

5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING IF

BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results. If results are not achieved

within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) p Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:

Starting Time (clock):
Time Product Code Dose Added Cumulative Dosage g c
(min) (A or B) (Drop) (Drop) Pre-filter Turbidity (NTU)

Product Code: A = APL Bridger, B = Biostar-CH 2%

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-12 Test #9 Sheet of
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Indicate Field Analyst(s):

Date:
Site:
Product Tested: APL Bridger (first) then Biostar-CH (second) Rapid Test : Add large product dose to sample
(Hild and Associates) o .
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Slow Mix (Stirring) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop APL Bridger and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop Biostar-CH and stir for

5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING IF

BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results. If results are not achieved

within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Start Time (clock):

Time Product Code Dose Added Cumulative Dosage g c
(min) (A or B) (Drop) (Drop) Pre-filter Turbidity (NTU)

Product Code: A = APL Bridger, B = Biostar-CH 2%

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-13 Test #10 Sheet of
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Indicate Field Analyst(s):
Date:

Site:

Product Tested: APS 703d#3 Floc Log (Applied Polymer Systems, Inc.)

Test Volume:

Mixing Method: Slow Mix (Stirring)

Mixing/Dosing Guidance:

Add 1/2 pencil eraser-sized piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5- and 10-minute times. Stir for 30 seconds after 10-minute time. Test turbidity at the 15- and

20-minute times. Stir for 30 seconds after 20-minute time. Test turbidity at the 25- and 30-minute times. Repeat as necessary.

Sample Parameters:

Reading Time Temp pH P!'e_-filter P_os_t-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:
Starting Time (clock):
Time Pre-filter Turbidity
(min) (NTU)
5
10

Stir for 30 seconds

15

20

Stir for 30 seconds

25

30

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-14 Test #11 Sheet of
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Indicate Field Analyst(s):
Date:

Site:

Product Tested: APS 706b Floc Log (Applied Polymer Systems, Inc.)

Test Volume:

Mixing Method: Slow Mix (Stirring)

Mixing/Dosing Guidance:

Add 1/2 pencil eraser-sized piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5- and 10-minute times. Stir for 30 seconds after 10-minute time. Test turbidity at the 15- and

20-minute times. Stir for 30 seconds after 20-minute time. Test turbidity at the 25- and 30-minute times. Repeat as necessary.

Sample Parameters:

Reading Time Temp pH P!'e_-filter P_os_t-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:
Starting Time (clock):
Time Pre-filter Turbidity
(min) (NTU)
5
10

Stir for 30 seconds

15

20

Stir for 30 seconds

25

30

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-15 Test #12 Sheet of
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Indicate Field Analyst(s):
Date:
Site:

Product Tested: APS 703d#3 and APS 706b Floc Log (simultaneously)
(Applied Polymer Systems, Inc.)

Test Volume:

Mixing Method: Slow Mix (Stirring)

Mixing/Dosing Guidance:

Add 1/2 pencil eraser-sized piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5- and 10-minute times. Stir for 30 seconds after 10-minute time. Test turbidity at the 15- and

20-minute times. Stir for 30 seconds after 20-minute time. Test turbidity at the 25- and 30-minute times. Repeat as necessary.

Sample Parameters:

Time Temp Pre-filter Post-filter

Reading (clock) (°C) PH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Pre-filter Turbidity
(min) (NTU)

5

10

Stir for 30 seconds

15

20

Stir for 30 seconds

25

30

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products C-16 Test #13 Sheet of
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TASK 4: TAILGATE TEST KIT WORKSHEETS
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Responsive partner.
Exceptional outcomes.

To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin and Louis Sigtermans, Wenck Associates, Inc.

Date: March 3, 2017

Subject: Task 4 -Tailgate Test Kit Worksheets

Individual worksheets were developed for each product that was tested as part of the
development of the Tailgate Test Kit. The worksheets were revised based on user feedback
during testing and data collection for development of the Tailgate Test Kit. Based on the
study results and observations, a shortened list of product worksheets was identified for use
with the Tailgate Test Kit. The worksheets for use with the Tailgate Test Kit are included in
Attachment A.

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 p.f£mail wenckmp@wenck.com Web wenck.com
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment A

Tailgate Test Kit Worksheets

D-2
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Responsive partner.
Exceptional outcomes.

Tailgate Test Kit
Test Worksheets

N A
ORTATION

7or ™R

Field Analyst(s):

Date:

Site:

Table 1 - Product Test List

Test #| Test Completed Product Name Manufacturer Formulation
1 Control - -
2 Floc 06 Innovative Turf Solutions Dry Powder
3 SCI-CW-AO0 Standard Contracting Dry Powder
5 Liquifloc 1% Dober Liquid Solution
7 Biostar-CH 2% Hild and Associates Liquid Solution

Table 2 - Dry Product Measurement Conversions

Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Table 3 - Product Weight Conversions

Product Name Measurement Volume Equivalent (mL) Weight Equivalent (g) Density (g/mL)
Floc 06 1 drop (spoon) 0.07701 0.06887 0.8942
SCI-CW-A0 1 drop (spoon) 0.07701 0.06435 0.8355
Liquifloc 1% 1 drop (pipette') 0.0475 0.04773 1.0048
Biostar-CH 2% 1 drop (pipette?) 0.0469 0.04592 0.9790

! Pipette referred to is the 1 mL disposable pipette used in the research field tests

Sheets and guidance developed through field testing of products D-3
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Field Analyst(s):
Date:
Site:

Product Tested: Control

Mixing Method: No Mixing Method

Sample Parameters:

Reading Time

Temp (°C)
Initial

H Pre-filter Post-filter
P Turbidity (NTU) | Turbidity (NTU)

Notes:

e The control is a reference that can be used to compare the results from the products that are tested.
e There are no products tested in the control.

Sheets and guidance developed through field testing of products

Test #1 Sheet of



Date:
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Test # 2 WENCK

Site:

Product Tested: Floc 06 (Innovative Turf Solutions)

Test Volume:

Mixing Method: Rapid Mix (Shaking)

ASSOCIATES

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N

Reduction goal achieved visually? Y N

If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder of 30

seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired

results. If results are not achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until

desired results are achieved.

Sample Parameters:

Reading

Time
(clock)

Temp
(°C)

Pre-filter Post-filter

pH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage g ‘o
(min) (Spoon - Drop) (Spoon - Drop) Pre-filter Turbidity (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products D-5
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Indicate Field Analyst(s):

Date:
Site:
Product Tested: SCI-CW-AQ (Standard Contracting) Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Rapid Mix (Shaking) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder of 30

seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired

results. If results are not achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until

desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:

Starting Time (clock):
Time Dose Added Cumulative Dosage " -
(min) (Spoon - Drop) (Spoon - Drop) Pre-filter Turbidity (NTU)

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products D-6 Test #3 Sheet of
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Indicate Field Analyst(s):
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Date:
Site:

Product Tested: Liquifloc 1% (Dober)

Rapid Test : Add large product dose to sample

Test Volume:

Mixing Method: Slow Mix (Stirring)

Significant Reaction Observed? Y N

Reduction goal achieved visually? Y N

If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat. If reaction is

noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired results. If results are not

achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Time

Reading (clock)

Temp
(°C)

H Pre-filter Post-filter Turbidity
P Turbidity (NTU) (NTU)*

Initial (Control)

Final

Dosing Table:

Starting Time (clock):

Time Dose Added Cumulative Dosage . -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)
Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products D-7
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Indicate Field Analyst(s):

Date:
Site:
Product Tested: Biostar-CH 2% (Hild and Associates) Rapid Test : Add large product dose to sample
Significant Reaction Observed? Y N
Test Volume: Reduction goal achieved visually? Y N
Mixing Method: Slow Mix (Stirring) If yes, complete remainder of worksheet

Mixing/Dosing Guidance:

Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat. If reaction is

noticed, wait remainder of 5 minutes to test the turbidity (Allows for settling). Repeat until desired results. If results are not

achieved within the first few "drops", increase the number of "drops" for each dose to 2+ until desired results are achieved.

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final
Dosing Table:

Starting Time (clock):
Time Dose Added Cumulative Dosage e -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)

Notes:

* If filtration is used in the full scale floc removal plan, use a similar product to test post-filter NTU at bench test scale.

Sheets and guidance developed through field testing of products D-8 Test #7 Sheet of
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To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin and Jeff Strom, Wenck Associates, Inc.

Date: March 3, 2017

Subject: Procedure to Scale Tailgate Test Kit Results

This memo summarizes the procedure to scale product test results to full scale product
application. The procedure includes 7 steps necessary to obtain the total product required to
treat the total water volume, identify the product dose rate to treat the construction
stormwater discharge rate, and to monitor/adjust as necessary to achieve target reduction
goal. An example scenario is provided in Attachment A.

Step 1:

A Determine/estimate the total volume of water to be treated (cubic feet (cf), or
gallons (gal)).

Step 2:

A Identify the construction stormwater discharge rate that is going to be treated (cubic
feet per second (cfs), or gallons per minute (gpm)).

Step 3:

A Select the product to scale. This was identified through performing the product test
worksheets on the sample.

Step 4:

A Identify the effective product dose needed to treat 1 liter of sample volume. The
product dose is the cumulative dose that was needed to achieve the target turbidity
on the product test worksheet. This is likely a measurement in “drops”. Convert
sample volume to units of Step 1. One liter is 0.264172 gallons, or 0.0353147 cubic
feet.

Step 5:

A Calculation 1 - Estimate total product needed to treat the total volume to turbidity
goal. Watch units when performing calculation. Convert calculation result units as
needed. Obtain product weight conversion information from the product
manufacturer or the product conversion tables from the Tailgate Test Kit
Worksheets.

Step 1 x Step 4 Ef fective Dose X Product Weight Per Dose

Calculation 1 =
alculation Step 4 Sample Volume

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 g.£mail wenckmp@wenck.com Web wenck.com



vov

Dwayne Stenlund and Bruce Holdhusen

Minnesota Department of Transportation WENCK

March 3, 2017
Responsive partner.
Exceptional outcomes.

Step 6:

A Calculation 2 - Estimate the product dose rate to treat the construction stormwater
discharge rate from Step 2. Watch units when performing calculation. Convert
calculation result units as needed.

Calculation 1 x Step 2
Step 1

Calculation 2 =

Step 7:

A Monitor reduction results during full scale product application. Adjust dose rate as
necessary to achieve target turbidity goal.

Useful Conversions

1 cubic foot = 7.48052 gallons
1 cubic foot = 28.3168 Liters
1 gallon = 3.78541 Liters

A
A
A
A 1 pound = 453.592 grams

2
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Attachment A

Example Scenario

3
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Example Scenario

Example Tailgate Test with the following site conditions:

A Effluent Turbidity = 1,000 NTU
A Turbidity Goal for Site = 50 NTU
A Volume of Water to be Treated = 25,000 gallons
A Stormwater Discharge Flow Rate = 100 gpm
A Test Sample Volume = 1 Liter
A Product Weight = 0.065 grams per drop
Step 1:

A 25,000 gallons

Step 2:
A 100 gpm
Step 3:

A Example Product A

Step 4:

A Dose is 4 drops to treat 1 Liter to target turbidity goal of 50 NTU (See Figure 1). One

liter is 0.264172 gallons

Step 5:

25,000 gal x 4 drops x 0.065 grams per drop
0.264172 gal

Calculation 1 =

A The total product needed is approximately 55 |bs.

Step 6:

54.25 lbs x 100 gpm

Calculation2 = 25,000 gal

= 0.22 lbs per min = 98 grams per min

A The product dose rate to treat 100 gpm is 0.22 Ibs per minute.

Step 7:

The reduction results were monitored and no adjustment to the product dose rate was
necessary to meet the target turbidity goal.

4
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Example Scenario Turbidity-Dose
Rating Curve

1,000
=)
F} —_— A A A A A A L A A L A L] A L L A A L] L
S
L
= 10
-
1
0 1 2 3 4 5 6 7 8 9 10

Total Dosage (Drops)
Product A = == Sjte Turbidity Goal

Figure 1. Example Turbidity-Dose Rating Curve
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To:

From:

Date:

Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
Kirby Templin and Jeff Strom, Wenck Associates, Inc.

March 3, 2017

Subject: Procedure to Test New Products and Develop a Worksheet

This memo summarizes the procedure for testing a new product and developing a test

worksh

eet for use with the Tailgate Test Kit. The procedure is described through the

following steps.

Step 1:

A

A

Contact manufacturer to obtain a sample of the product. Often times manufacturers
will provide a sample of their product free of charge for testing purposes.

Obtain available product information from the manufacturer. Product information
includes:

Material Safety Data Sheet (MSDS)

Mixing Guidelines

Dosing Guidelines

Other General Product Information Documents

Step 2:

A

Test the product on 3-5 construction stormwater discharge samples. Collect a
sufficient amount of sample in case multiple tests are needed. Ideally, samples
should be collected at different sites to demonstrate varying levels of turbidity, soil
conditions, water chemistry, and other geologic/geographic conditions.

If construction stormwater discharge samples cannot be collected, synthetic samples
may be created by collecting soil samples and mixing them with water representative
of the project site (preferred), or distilled water. Construction stormwater discharge
samples are preferred because the samples are representative of real conditions.

Step 3:

> >

Review manufacturer mixing and dosing guidelines.

Begin test of new product following manufacturer mixing and dosing guidelines.
Depending on product and manufacturer recommendations, typically, first a product
dose is added to the sample, the sample is mixed, and then the sample is observed
for a reaction. Based on previous test development, mixing phases were identified as
5-10 seconds, and observation phases were the remainder of 30-60 seconds.

If a reaction is noticed, a turbidity measurement should be collected for developing
dose-turbidity curves. Based on previous test development, a turbidity measurement
after 5 minutes (from dose time) provided good estimates. Turbidity will decrease as
the allowed settling time is increased, but this directly impacts the length of the test.
Repeat the dose, mixing, observation, and turbidity measurement as needed to
achieve the turbidity goal.

w
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A Repeat Step 3 as needed to develop the dosing and mixing recommendations.
A Take notes and observations that can be used to develop the worksheet that includes
the recommended mixing and dosing guidelines.

Step 4:

A After testing 3-5 samples, review the results and make a determination if a
worksheet should be developed for the product and included in the Tailgate Test Kit.

A The worksheet should include the mixing and dosing guidelines, and a table for data
collection. Review other product worksheets for guidance.

Step 5:

A It is important to identify the product weight conversions that are helpful with scaling
test results to full scale application.

e Determine the measurement (1 drop (spoon) or 1 drop (pipette)) volume
equivalent in mL.

e Determine the weight equivalent (g) for the measurement.

e Calculate the density (g/mL)

F-2
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To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin, Wenck Associates, Inc.
Date: March 3, 2017

Subject: Results Memorandum

1. Introduction

This memo summarizes the results collected while performing the product tests for the
Tailgate Test Study. Worksheets were developed for thirteen tests to provide guidance for
testing the products/product combinations. The thirteen tests that were performed include:

Test 1 — Control (No Products Tested)

Test 2 - Floc 06

Test 3 - SCI-CW-AQ0

Test 4 - Earth Poly-Stable Plus

Test 5 - Liquifloc 1%

Test 6 — LB2101 (first) then Liquifloc 1% (second)

Test 7 - Biostar-CH 2%

Test 8 — APL Bridger

Test 9 - Biostar-CH 2% (first) then APL Bridger (second)
Test 10 - APL Bridger (first) then Biostar-CH 2% (second)
Test 11 — APS 703d#3 Floc Log

Test 12 - APS 706b Floc Log

Test 13 — APS 703d#3 Floc Log and APS 706b Floc Log (Simultaneously)

(20 N N 2l o N g 2 2 2 g i 2

Eight samples were collected, three were synthetic samples and five were construction
stormwater discharge samples. The eight samples collected include:

Test Sample - Synthetic Sample
Sample 1 - Discharge Sample
Sample 2 - Discharge Sample
Sample 3 - Discharge Sample
Sample 4 - Synthetic Sample
Sample 5 - Grab Sample
Sample 6 - Grab Sample
Sample 7 - Synthetic Sample

> > > > >

For this study, the target turbidity goal was 50 NTU.

2. Sample Results Summary

Tables 1 through 9 summarize results that were obtained while performing the 13 tests on
the eight samples. The following information is included in the tables.

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 g.f£mail wenckmp@wenck.com Web wenck.com
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Test - The test that was completed that the results correspond to.

Significant Reaction - General observation to indicate if the product was causing a
noticeable reaction and turbidity reduction.

Turbidity Goal <50 NTU - Did the test meet the study target turbidity goal of 50 NTU.

Total Dose for Test — This is the total product dose that was added during the test. This is
not necessarily the dose that was required to achieve the target turbidity goal.

Initial pH - The initial pH of the sample. The initial pH is from Test 1, the control test,
except for the Test Sample which was tested over multiple days.

Final pH - After product was added and the test was complete, the final pH was measured.

Initial NTU - The initial turbidity measurement of the sample. The initial NTU is the
turbidity measurement from Test 1, the control test, except for the Test Sample which was
tested over multiple days.

Final NTU (Unfiltered) - After product was added and the test was complete, the final
turbidity was measured.

Final NTU (Filtered) - After product was added and the test was complete, the sample
was filtered through a coffee filter and then the turbidity was measured.

NTU Measurement after all Tests Completed — After all tests were completed for the
sample, the turbidity was re-measured for each test. This measurement accounts for
additional time for floc particles to settle.

Percent Reduction (Initial to Final Unfiltered) - The percent reduction that was
calculated from initial turbidity measured to the final unfiltered turbidity measurement.

Filtration Percent Reduction (Final Unfiltered to Final Filtered) - The percent
reduction that was calculated from the measured final turbidity unfiltered to the final
turbidity filtered measurement.

2.1. Test Sample Results

A summary of the results for each test performed on the Test Sample are provided in Table
1.

Results
Significant reactions were observed for the 12 product tests, and all 12 product tests
performed met the turbidity goal of 50 NTU.

Between 13% to 53% reduction was measured from filtering the final tested samples.
However, since all 12 product tests (minus control) met the turbidity goal, the filtering did
not result in additional tests meeting the turbidity goal.

The initial pH for Sample 4 was 7.69. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for the tests.

2
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Table 1. Test Sample Results

Turbidity Total

Test S;ge';i:it‘i:::t Goal <50 Dose for
NTU Test!
1 = o
(control)
2 Yes Yes 2 Drops
3 Yes Yes 2 Drops
4 Yes Yes 35 Drops
5 Yes Yes 10 Drops
6 Yes Yes 4 Drops
7 Yes Yes 6 Drops
8 Yes Yes 6 Drops
9 Yes Yes 6 Drops
10 Yes Yes 6 Drops
11 Yes Yes 20 min
12 Yes Yes 15 min
13 Yes Yes 15 min

- No Data available

Initial
pH

7.69

7.69
7.69
7.69
7.69
7.69
7.23
7.23
7.23
7.23
7.40
7.40

7.40

Final
pH

7.69

7.02
7.68

7.27
7.15
7.93
7.62
7.57
7.40
7.79

7.62

Initial
NTU

>1000

>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000

>1000

Final NTU
(Unfiltered) (Filtered)

>1000

0.540
10.86
64.18
31.28
8.758
31.59
65.68
43.49
48.14
23.15
15.30

30.82

Final NTU

>1000

0.828
7.321
32.96
19.51
7.621
20.29
32.90
24.29
22.46
16.63
11.45

23.26

A
WENCK

ASSOCIATES
Responsive partner.
Exceptional outcomes.
NTU Percent
Measurement Reduction
After All (Initial to
Tests Final

Completed Unfiltered)

= 0%
= 100%
= 99%
= 94%
= 97%
= 99%
= 97%
= 93%
= 96%
= 95%
= 98%
= 98%
= 97%

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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Filtration
Percent
Reduction
(Final
Unfiltered
to Final
Filtered)

0%
-53%
33%
49%
38%
13%
36%
50%
44%
53%
28%
25%
25%
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2.2. Sample 1 Results
A summary of the results for each test performed on Sample 1 are provided in Table 2.

Results

Eleven of the product tests observed significant reactions, but only seven of the product
tests performed met the turbidity goal of 50 NTU. The tests that met the turbidity goal
include:

Test 2 - Floc 06

Test 3 - SCI-CW-A0

Test 5 - Liquifloc 1%

Test 6 - LB2101 (first) then Liquifloc 1% (second)

Test 7 - Biostar-CH 2%

Test 8 — APL Bridger

Test 9 - Biostar-CH 2% (first) then APL Bridger (second)
Test 10 - APL Bridger (first) then Biostar-CH 2% (second)

> > > >

Between 11% to 82% reduction was measured from filtering the final tested samples.
Filtering did result in an additional test meeting the turbidity goal. The test that met the
goal due to filtering was:

A Test 8 - APL Bridger

The initial pH for Sample 1 was 7.46. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for 11 of the product tests. Test 2 was the only test where
the pH varies significantly between initial and final (final pH of 5.69).

4
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Table 2. Sample 1 Results

Filtration
NTU Percent Percent
Test  Stnificant CUCS0 poseror IMiial Final mmitisl  FinalNTu Finatnty MECSORRE TRiRl RORTPT
NTU Test! Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
(Conltrol) : : 7.46  7.46 >1000  >1000 >1000 : 0% 0%
2 Yes Yes 5 Drops 7.46 5.69 >1000 19.57 3.463 = 98% 82%
3 Yes Yes 7 Drops 7.46 7.28 >1000 28.95 20.32 = 97% 30%
4 No No 37 Drops 7.46 7.11  >1000 97.63 74.51 = 90% 24%
5 Yes Yes 10 Drops 7.46 7.26 >1000 22.34 12.28 = 98% 45%
6 Yes Yes 20 Drops 7.46 7.07 >1000 33.90 24.11 = 97% 29%
7 Yes Yes 8 Drops 7.46 7.25 >1000 21.69 14.38 = 98% 34%
8 Yes No 8 Drops 7.46 7.38 >1000 58.92 41.31 = 94% 30%
9 Yes Yes 8 Drops 7.46 7.29 >1000 20.68 11.00 = 98% 47%
10 Yes Yes 8 Drops 7.46 7.21 >1000 23.70 9.688 = 98% 59%
11 Yes No 15 min 7.46 7.21 >1000 138.4 123.4 = 86% 11%
12 Yes No 15 min 7.46 7.28 >1000 139.1 121.0 = 86% 13%
13 Yes No 15 min 7.46 7.13 >1000 123.2 103.9 = 88% 16%

- No Data available
! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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2.3. Sample 2 Results
A summary of the results for each test performed on Sample 2 are provided in Table 3.

Results
Eleven of the product tests observed significant reactions, but only six of the product tests
performed met the turbidity goal of 50 NTU. The tests that met the turbidity goal include:

Test 2 - Floc 06

Test 5 - Liquifloc 1%

Test 6 — LB2101 (first) then Liquifloc 1% (second)

Test 7 - Biostar-CH 2%

Test 9 - Biostar-CH 2% (first) then APL Bridger (second)
Test 10 - APL Bridger (first) then Biostar-CH 2% (second)

> > > > b >

Between 6% to 63% reduction was measured from filtering the final tested samples.
Filtering did result in one additional test meeting the turbidity goal. The test that met the
goal due to filtering was:

A Test 3 - SCI-CW-AO

The turbidity was re-measured for each test after all the tests were complete. The additional
settling time resulted in one test meeting the turbidity goal. The test that met the goal due
to additional settling time was:

A Test 3 - SCI-CW-AO

The initial pH for Sample 2 was 7.04. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for the tests.

6
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Table 3. Sample 2 Results

Significant Turbidity Total
Test Reaction Goal <50 Dose for

NTU Test!

1 = o
(control)

2 Yes Yes 3 Drops
3 Yes No 7 Drops
4 No No 21 Drops
5 Yes Yes 6 Drops
6 Yes Yes 5 Drops
7 Yes Yes 6 Drops
8 Yes No 8 Drops
9 Yes Yes 8 Drops
10 Yes Yes 8 Drops
11 Yes No 290 min
12 Yes No 290 min
13 Yes No 290 min

- No Data available

Initial
pH

7.04

7.04
7.04
7.04
7.04
7.04
7.04
7.04
7.04
7.04
7.04
7.04

7.04

Final
pH

7.04

6.29
7.40
7.23
7.18
6.81
6.73
6.83
6.62
6.73
6.50
6.81
6.54

Initial
NTU

>1000

>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000

>1000

Final NTU

Final NTU

(Unfiltered) (Filtered)

>1000

26.74
57.12
>1000
41.27
45.96
35.18
134.2
31.54

32.97
152.2

94.90

>1000

10.02
47.02
>1000
30.52
32.50
24.83
125.7
21.46

19.46
132.8

62.86

A Y
WENCK

Responsive partner.
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Filtration
NTU Percent Percent
Measurement Reduction Reduction
After All (Initial to (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
>1000 0% 0%
6.056 97% 63%
45.61 94% 18%
>1000 0% 0%
19.87 96% 26%
28.01 95% 29%
27.22 96% 29%
119.4 87% 6%
29.09 97% 32%
25.49 97% 41%
57.20 85% 13%
66.60 91% 34%

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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2.4. Sample 3 Results
A summary of the results for each test performed on Sample 3 are provided in Table 3.

Results
None of the product tests performed met the turbidity goal of 50 NTU, and only Two of the
product tests observed significant reactions.

Filtering did not impact the results.

The turbidity was re-measured for each test after all the tests were complete. The additional
settling time resulted in three tests meeting the turbidity goal. The tests that met the goal
due to additional settling time were:

A Test 2 - Floc 06
A Test 5 - Liquifloc 1%
A Test 10 - APL Bridger (first) then Biostar-CH 2% (second)

The initial pH for Sample 3 was 8.14. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for 11 of the product tests. Test 2 was the only test where
the pH varies significantly between initial and final (final pH of 5.53).

Observations

While performing the test, initial product testing performed did not meet the target turbidity
goal. It was noticed that after all test were completed the additional settling time allowed
floc to settle which was not observed while tests were performed. There was a significant
amount of floc that filled most of the water column. Based on this observation, the initial
turbidity was significantly greater than 1000 NTU but could not be quantified.

8
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Table 3. Sample 3 Results

Test

1
(control)

2

© 0o N o u »

10
11
12

13

Significant
Reaction

No
No
No
Yes
No
No
No
No
Yes
No
No
No

- No Data available
! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.

Turbidity
Goal <50
NTU

No
No
No
No
No
No
No
No
No
No
No
No

Total
Dose for
Test!

16 Drops
30 Drops
4 Drops
38 Drops
12 Drops
29 Drops
33 Drops
40 Drops

48 Drops
290 min

290 min
290 min

Initial
pH

8.14

8.14
8.14
8.14
8.14
8.14
8.14
8.14
8.14
8.14
8.14
8.14

8.14

Final
pH

8.14

5.53
7.79
7.85
7.45
7.24
7.73
8.00
7.75
7.43
7.78
7.78

7.59

\\francis.wenck.local\vol1\0791 MnDOT\44 Tailgate Test Kit\Task 4 - Field Testing\Results Memorandum.docx

Initial
NTU

>1000

>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000
>1000

>1000

Final NTU
(Unfiltered)

>1000

>1000
399.1

587.6

80.12

>1000
763.5
>1000
573.7
233.4
>1000
>1000

>1000

N
WENCK
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Exceptional outcomes.
Filtration
NTU Percent Percent
Final NTU Measurement Reduction Reduction
(Filtered) After All (Initial to (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
>1000 >1000 0% 0%
>1000 5.160 0% 0%
391.8 377.7 60% 2%

- 635.6 41% -
100.5 38.16 92% -25%
>1000 >1000 0% 0%
760.2 612.4 24% 0%
>1000 >1000 0% 0%
549.8 486.8 43% 4%

- 50.16 77% -
>1000 757.2 0% 0%
>1000 >1000 0% 0%
>1000 797.7 0% 0%



Vov

Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

2.5. Sample 4 Results

A summary of the results for each test performed on Sample 4 are provided in Table 4.
After Sample 4 testing was completed, the results from the previous 5 samples were
reviewed and a shortened test list was created for testing samples moving forward.

Results
Seven of the 13 product tests observed significant reactions, but only five of the product
tests performed met the turbidity goal of 50 NTU. The tests that met the goal include:

Test 2 - Floc 06

Test 5 - Liquifloc 1%

Test 7 - Biostar-CH 2%

Test 9 - Biostar-CH 2% (first) then APL Bridger (second)
Test 10 — APL Bridger (first) then Biostar-CH 2% (second)

> > > > >

Between 8% to 75% reduction was measured from filtering the final tested samples,
however the filtering did not result in additional tests meeting the turbidity goal.

The turbidity was re-measured for each test after all the tests were complete. The additional
settling time resulted in one test meeting the turbidity goal. The test that met the goal due
to additional settling time was:

A Test 8 — APL Bridger

The initial pH for Sample 4 was 6.66. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for 10 of the product tests. The final pH for Test 2 was
3.91 and the final pH for Test 6 was 4.70.

10
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Table 4. Sample 4 Results

. Turbidity
Test  SIRCANt Goal <50
1 =
(control)
2 Yes Yes
3 Yes No
4 No No
5 Yes Yes
6 Yes No
7 Yes Yes
8 No No
9 Yes Yes
10 Yes Yes
11 No No
12 No No
13 No No

- No Data available

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.

Total
Dose for
Test!

7 Drops
10 Drops
35 Drops
34 Drops
12 Drops
25 Drops
33 Drops
60 Drops

64 Drops
300 min

300 min
290 min

Initial
pH

6.66

6.66
6.66
6.66
6.66
6.66
6.66
6.66
6.66
6.66
6.66
6.66

6.66

Final
pH

6.66

3.91
7.35
6.85
6.10
4.70
6.01
6.42
6.16
6.57
5.95
6.04

5.90
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Initial
NTU

507.9

507.9
507.9
507.9
507.9
507.9
507.9
507.9
507.9
507.9
507.9
507.9

507.9

Final NTU

(Unfiltered)

507.9

44.20
146.5
492.9
49.00
102.0
31.36
338.3
33.36
40.68
474.9
372.6

395.1

Final NTU
(Filtered)

496.6

11.15
114.9
454.5
35.00
84.00
11.31
150.8
21.12
22.81
412.3
337.4

335.8

N
WENCK

Responsive partner.
Exceptional outcomes.
Filtration
NTU Percent Percent
Measurement Reduction Reduction
After All (Initial to (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
443 .4 0% 2%
11.75 91% 75%
111.3 71% 22%
552.9 3% 8%
21.93 90% 29%
91.50 80% 18%
8.280 94% 64%
22.80 33% 55%
20.76 93% 37%
31.68 92% 44%
323.7 6% 13%
277.9 27% 9%
258.4 22% 15%



Vov

Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

2.6. Sample 5 Results

Sample 5 consists of three subsamples collected and tested from three separate BMPs at
the project site. These three subsamples are referred to as 5-1, 5-2, and 5-3. A summary
of the results for Samples 5-1, 5-2, and 5-3 are provided in Tables 5, 6, and 7 respectively.

Results

All four product tests observed significant reactions for Samples 5-1, 5-2, and 5-3. The
tests performed on Samples 5-2 and 5-3 were only a rapid test where visual results were
observed to have clarity that met the 50 NTU goal. Only three of the product tests
performed on Sample 5-1 met the turbidity goal of 50 NTU. The tests that met the goal
include:

A Test 3 - SCI-CW-A0
A Test 5 - Liquifloc 1%
A Test 7 — Biostar-CH 2%

Filtered turbidity measurements were only collected for Sample 5-1. Between 57% to 67%
reduction was measured from filtering the final tested samples. Filtering did result in one
additional test meeting the turbidity goal. The test that met the goal due to filtering was:

A Test 2 - Floc 06

The initial pH for Sample 5-1 was 8.00 and only minor changes in pH (<1.0) were observed
from the initial to final measurements for 3 of the product tests. Test 2 was the only test
where the pH varied significantly between initial and final (final pH of 6.31). The initial pH
for Sample 5-2 was 7.46, and Sample 5-3 was 7.49. Final pH was not measured for
Samples 5-2 and 5-3.

Observations

Sample 5-1 was a grab sample collected from the bottom of a filtration basin that had
mostly drawn down from the recent rainfall event. Samples 5-2 and 5-3 were grab samples
collected from top of the water column of wet ponds. The samples were collected the day
after a recent rainfall event.

The three subsamples were collected from separate BMPs at the project site and all had
different initial turbidity conditions due to location in the treatment chain and exposure to
direct erosion. Although the samples initial turbidity measurements are different, the
samples water chemistry and sediment source/soil appeared to be similar. Sample 5-1 with
a higher initial turbidity required a lower dose to achieve the target turbidity goal of 50 NTU,
and Samples 5-2 and 5-3 with lower initial turbidity required a higher dose to achieve the
target turbidity goal. It is interesting that the dose did not relate to initial turbidity for these
samples. This may indicate that the dose required may relate to suspended particle size and
not the total amount of suspended solids. Samples with larger suspended particles may
create larger flocs that can react and floc quicker than samples with smaller particles.

12
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Table 5. Sample 5-1 Results

Test  Srifcent
1
(control)
2 Yes
3 Yes
5 Yes
7 Yes

- No Data available

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement

Turbidity
Goal <50
NTU

No
Yes
Yes

Yes

Total
Dose for
Test!

13 Drops
12 Drops
6 Drops
6 Drops

Initial
pH

8.00

8.00
8.00
8.00
8.00

Final
pH

8.00
6.31
7.94
7.87
7.87
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Initial

NTU (Unfiltered)

>1000

>1000
>1000
>1000
>1000

Final NTU

>1000
104.0
38.60
40.46
40.57

Final NTU
(Filtered)

34.00
26.00
34.24
30.24

Vov
WENCK

Responsive partner.
Exceptional outcomes.

Filtration
NTU Percent Percent
Measurement Reduction Reduction
After All (Initial to (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
= 0% =
- 90% 67%
- 96% 33%
- 96% 15%
- 96% 25%
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Table 6. Sample 5-2 Results

Test  Srifcent
1
(control)
2 Yes
3 Yes
5 Yes
7 Yes

- No Data available

Turbidity
Goal <50
NTU

Total
Dose for
Test!

8 Drops
16 Drops
15 Drops
20 Drops

Initial
pH

7.46

7.46
7.46
7.46
7.46

Final
pH

7.46

Initial
NTU

282.8

282.8
282.8
282.8
282.8

Final NTU
(Unfiltered)

282.8

50.00
50.00
50.00
50.00

Vov
WENCK

Responsive partner.
Exceptional outcomes.

Filtration
NTU Percent Percent
Final NTU Measurement Reduction Reduction
(Filtered) After All (Initial to (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
= = 00/0 -
= - 82% -
= - 82% -
- - 82% -
- - 82% -

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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Table 7. Sample 5-3 Results

Turbidity Total

Test Slliger;lcf:lt‘i:z:t Go:!"<150 D9r:estflor
1 o o
(control)
2 Yes = 8 Drops
3 Yes - 16 Drops
5 Yes - 20 Drops
7 Yes = 20 Drops

- No Data available

Initial
pH

7.49

7.49
7.49
7.49

7.49

Final
pH

7.49

Initial
NTU

102.5

102.5
102.5
102.5
102.5

Final NTU
(Unfiltered)

102.5

50.00
50.00
50.00
50.00

Vov
WENCK

Responsive partner.
Exceptional outcomes.

Filtration
NTU Percent Percent
. Measurement Reduction Reduction
f;?;:ﬁ_f;‘; After All (Initialto  (Final
Tests Final Unfiltered
Completed Unfiltered) to Final
Filtered)
= = 0% =
- - 51% -
- - 51% -
- - 51% -
- - 51% -

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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2.7. Sample 6 Results
A summary of the results for each test performed on Sample 6 are provided in Table 8.

Results
All four product tests observed significant reactions, but only three of the product tests
performed met the turbidity goal of 50 NTU. The tests that met the goal include:

A Test 2 - Floc 06
A Test 3 - SCI-CW-A0
A Test 7 - Biostar-CH 2%

Between 33% to 48% reduction was measured from filtering the final tested samples.
Filtering did result in one additional test meeting the turbidity goal. The test that met the
goal due to filtering was:

A Test 5 - Liquifloc 1%

The initial pH for Sample 6 was 8.29. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for 11 of the product tests. Test 2 was the only test where
the pH varies significantly between initial and final (final pH of 6.63).

16
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Table 8. Sample 6 Results

NTU Percent

et Significant Uity TOtal - ynivial Final Initial  Final NTU  Final NTy MeRsurement '(‘fr“’l‘t‘;ﬁ"t’:
Reaction NTU Test! pH pH NTU (Unfiltered) (Filtered) Tests Final

Completed Unfiltered)

1 - - - - 0,

(control) 8.29 8.29 517.8 517.8 0%
2 Yes Yes 5 Drops 8.29 6.63 517.8 18.65 10.91 = 96%
3 Yes Yes 12 Drops 8.29 8.10 517.8 48.43 28.67 = 91%
5 Yes No 20 Drops 8.29 7.89 517.8 59.76 40.16 - 88%
7 Yes Yes 20 Drops 8.29 7.66 517.8 46.52 24.42 - 91%

- No Data available
! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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Filtration
Percent
Reduction
(Final
Unfiltered
to Final
Filtered)

42%
41%
33%
48%
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2.8. Sample 7 Results
A summary of the results for each test performed on Sample 7 are provided in Table 9.

Results
All four product tests observed significant reactions, but only one of the product tests
performed met the turbidity goal of 50 NTU. The test that met the goal is:

A Test 2 - Floc 06

Between 21% to 63% reduction was measured from filtering the final tested samples,
however the filtering did not result in additional tests meeting the turbidity goal.

The turbidity was re-measured for each test after all the tests were complete. The additional
settling time resulted in a test meeting the turbidity goal. The test that met the goal due to
additional settling time was:

A Test 5 - Liquifloc 1%

The initial pH for Sample 7 was 9.58. Only minor changes in pH (<1.0) were observed from
the initial to final measurements for 11 of the product tests. Test 2 was the only test where
the pH varies significantly between initial and final (final pH of 7.61).

18
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Table 9. Sample 7 Results

Test  Srifcent
1
(control)
2 Yes
3 Yes
5 Yes
7 Yes

- No Data available

Turbidity
Goal <50
NTU

Yes

No

No
No

Total
Dose for
Test!

5 Drops
28 Drops
29 Drops
37 Drops

Initial
pH

9.58

9.58
9.58
9.58
9.58

Final
pH

9.58

7.61
8.93
8.60
8.70

Initial
NTU

>1000

>1000
>1000
>1000
>1000

Final NTU

Final NTU

(Unfiltered) (Filtered)

>1000

45.43

224.1

183.0
216.4

16.87
164.6
118.6
171.8

NTU
Measurement
After All
Tests
Completed

19.14
188.1
28.94
107.1

! For Tests 11, 12, and 13 the product is added and passive dosing is instead a time dependent measurement.
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Filtration
Percent Percent
Reduction Reduction
(Initial to (Final
Final Unfiltered
Unfiltered) to Final
Filtered)
0% -
95% 63%
78% 27%
82% 35%
78% 21%
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3. Product Test Results and Observations Summary

Section 3 discusses results and observations for each product. Additional results for each
product are presented in Tables 1 through 9 of Section 2.

3.1. Test 1 - Control Results

Test 1 is the control test. The purpose of the control test is to measure the initial sample
conditions for comparison to the product tests. There are no specific results to discuss for
test 1.

3.2. Test 2 - Floc 06 Results

Test 2 is the product Floc 06 test and was performed on all eight samples. The Floc 06 dose-
turbidity results for each sample tested are presented in Figure 1.

Figure 1. Test 2 - Floc 06 Dose-Turbidity Curve

Test 2 - Floc 06 (Innovative Turf Solutions)

Turbidity (NTU)

15 20
Total Dosage (Drops®)
== == Goal (50 NTU) Test Sample =—O—Sample 1 —3¢— Sample 2
—— Sample 3 —3— Sample 4 Sample 5-1  =——f— Sample 5-2

Sample 5-3  =——— Sample 6 —O— Sample 7

*Measurement Spoon “Drop”

Results

The target turbidity goal of 50 NTU was achieved for all samples, however, the goal was not
initially reached for Samples 3 and 5-1. The turbidity goal was reached for Samples 3 and
5-1 after additional settling time. For a couple of the samples, a final turbidity measurement
was taken after all 13 tests were completed to check how additional settling time affected
the turbidity reduction. For the Floc 06 product, it was shown that additional reduction
benefit was measured after additional settling time. This measurement is shown in Figure 1
as the drop in turbidity at the final dose. Also, the results presented in Tables 1 through 9
show that the Floc 06 product can cause a shift in the pH of the sample.

Visual Observations

20
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Once the reaction occurred, the floc that formed was generally a large floc. For several
samples, it was observed that the floc floated or a portion floated to the surface. Based on
conversations with the manufacturer, this is due to hydrocarbons, pigments, or dyes
present in the sample.

3.3. Test 3 — SCI-CW-AO Results

Test 3 is the product SCI-CW-AOQ test and was performed on all eight samples. The SCI-CW-
AOQ dose-turbidity results for each sample tested are presented in Figure 2.

Figure 2. Test 3 - SCI-CW-AO0 Dose-Turbidity Curve

Test 3 - SCI-CW-AQ (Standard Contracting)

1000 & <

100

Turbidity (NTU)

10
0 5 10 15 20 25 30
Total Dosage (Drops*)
== = Goal (50 NTU) Test Sample —— Sample 1 —— Sample 2
—O— Sample 3 —¥— Sample 4 Sample 5-1  ——— Sample 5-2

Sample 5-3 ~—=— Sample 6 —O— Sample 7

*Measurement Spoon “Drop”

Results

The target turbidity goal of 50 NTU was achieved for five of the eight samples. For several
of the samples, a final turbidity measurement was taken after all 13 tests were completed
to check how additional settling time affected the turbidity reduction. For the SCI-CW-AQ0
product, it was shown that additional settling time did not provide a significant decrease in
turbidity. This measurement is shown in Figure 2 as the drop in turbidity at the final dose as
seen in samples 2 and 7.

Visual Observations
Once the reaction occurred, the floc that formed was generally a fine floc. For the samples
that did not achieve the turbidity goal, it was observed that a reaction and floc did form,

however, the sample was still turbid and additional product did not greatly improve the
clarity.

3.4. Test 4 - Earth Poly-Stable Plus Results

21
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Test 4 is the product Earth Poly-Stable Plus test and was performed on five samples. Test 4
was not included in the shortened test list for the Tailgate Test Kit and was not tested on
the last three samples that were collected due to poor performance. The Earth Poly-Stable
Plus dose-turbidity results for each sample tested are presented in Figure 3.

Figure 3. Test 4 - Earth Poly Stable Plus Dose-Turbidity Curve

Test 4 - Earth Poly Stable Plus (Earth and
Road)

1000 HHH—K 5
000 *

0

Turbidity (NTU)
=
o
o
I

0 5 10 15 20 25 30 35 40
Total Dosage (Drops*)

= e= Goal (50 NTU) Test Sample —{3— Sample 1
—— Sample 2 —O— Sample 3 —¥k— Sample 4

*Measurement Spoon “Drop”

Results

The target turbidity goal of 50 NTU was not achieved for any of the samples that were
tested. After the first dose added to the Sample Test, the turbidity measured was lower
than the turbidity goal, however, after additional product was added the turbidity that was
measured did not achieve the goal. This may be due to the fact that the floc particles could
not settle because the sample would develop a thick/syrupy texture.

Visual Observations

It was observed that after dosing the sample would develop a thick/syrupy texture. Floc
formulation was observed in the Test Sample but not the other samples that were tested.
The floc that was observed was fine.

3.5. Test 5 - Liquifloc 1% Results

22
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Test 5 is the product Liquifloc 1% test and was performed on all eight samples. The Liquifloc
1% dose-turbidity results for each sample tested are presented in Figure 4.
Figure 4. Test 5 - Liquifloc 1% Dose-Turbidity Curve

Test 5 - Liquifloc 1% (Dober)

1000 K

100

Turbidity (NTU)

10
0 5 10 15 20 25 30 35 40 45

Total Dosage (Drops*)

== = Goal (50 NTU) Test Sample —J— Sample 1 —— Sample 2

—O— Sample 3 —¥— Sample 4 Sample 5-1  ——— Sample 5-2

——=— Sample 5-3 Sample 6 —O— Sample 7

*Measurement is a Drop from a 1ml Disposable Pipette

Results

The target turbidity goal of 50 NTU was achieved for seven of the eight samples, however,
the goal was not initially reached for Samples 3 and 7. The turbidity goal was reached for
Samples 3 and 7 after additional settling time. For several of the samples, a final turbidity
measurement was taken after all 13 tests were completed to check how additional settling
time affected the turbidity reduction. For the Liquifloc 1% product, it was shown that
additional reduction benefit was measured after additional settling time. This measurement
is shown in Figure 4 as the drop in turbidity at the final dose. Sample 6 was the only sample
that the turbidity goal was not achieved. However, further dosing of Sample 6 may have
achieved the goal, and/or additional settling time may have resulted in meeting the goal.

Visual Observations
Once the reaction occurred, the floc that formed was generally a medium floc.

3.6. Test 6 — Dual Part System (LB2101 and Liquifloc 1%) Results

23
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Test 6 is the Dual Part System (LB2101 and Liquifloc 1%) test and was performed on five

samples. The results were similar to the results of Liquifloc 1% alone and as a result, the

shortened test list for the Tailgate Test Kit did not include Test 6. Test 6 was not tested on
the last three. The Dual Part System (LB2101 and Liquifloc 1%) dose-turbidity results for

each sample tested are presented in Figure 5.

Figure 5. Test 6 - Dual Part System (LB2101 and Liquifloc 1%) Dose-Turbidity
Curve

Test 6 - Dual Part System (Dober)
(LB2101 and Liquifloc 1%)

1000

<@
1%

100 F~--

Turbidity (NTU)

10
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Total Dosage (Drops*)

= e= Goal (50 NTU) Test Sample —{O— Sample 1
—— Sample 2 —O— Sample 3 —¥— Sample 4

*Measurement Spoon “Drop”

Results
The target turbidity goal of 50 NTU was achieved for three of the five samples.

Visual Observations

Once the reaction occurred, the floc that formed was generally a medium floc. The results
were similar to results from testing Liquifloc 1% alone. The total dosage is higher due to
the addition of two products compared to liquifloc 1% alone.

3.7. Test 7 — Biostar-CH 2% Results

24
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Test 7 is the product Biostar-CH 2% test and was performed on all eight samples. The
Biostar-CH 2% dose-turbidity results for each sample tested are presented in Figure 6.
Figure 6. Test 7 - Biostar-CH 2% Dose-Turbidity Curve

Test 7 - Biostar-CH 2% (Hild and Associates)

1000 o 0\8
=)
'—
£
2 100 -
T
£ A0 NI © 0 A 0 O G R DO e S N 400 0 00 A R 0 0 N A A A
'—
10
0 5 10 15 20 25 30 35 40
Total Dosage (Drops*)
== = Goal (50 NTU) Test Sample —J— Sample 1 —— Sample 2
—O— Sample 3 —¥— Sample 4 Sample 5-1  ——— Sample 5-2

——=— Sample 5-3 Sample 6 —O— Sample 7

*Measurement is a Drop from a 1ml Disposable Pipette

Results

The target turbidity goal of 50 NTU was achieved for six of the eight samples. For several of
the samples, a final turbidity measurement was taken after all 13 tests were completed to
check how additional settling time affected the turbidity reduction. For the Biostar-CH 2%
product, it was shown that additional settling time did provide a decrease in turbidity. This
measurement is shown in Figure 6 as the drop in turbidity at the final dose.

Visual Observations

Once the reaction occurred, the floc that formed was generally a medium floc. For the
samples that did not achieve the turbidity goal, it was observed that a reaction and floc did
form, however, the sample was still turbid and adding product did not greatly improve the
clarity.

3.8. Test 8 — APL Bridger Results
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Test 8 is the product APL Bridger test and was performed on five samples. Due to the test
results, Test 8 was not included in the shortened test list for the Tailgate Test Kit and was
not tested on the last three samples. The APL Bridger dose-turbidity results for each sample
tested are presented in Figure 7.

Figure 7. Test 8 - APL Bridger Dose-Turbidity Curve
Test 8 - APL Bridger (Hild and Associates)

1000 3 <

/N

©

+

)
[
=3
Z 100
]
S5 00 e e oam oam e e e oam e e am e em am omn o em am oas em s == e P
=

10

0 5 10 15 20 25 30 35
Total Dosage (Drops*)
= e= Goal (50 NTU) Test Sample —{3— Sample 1

—— Sample 2 —O— Sample 3 —¥k— Sample 4

*Measurement is a Drop from a 1ml Disposable Pipette

Results

The target turbidity goal of 50 NTU was achieved for one of the five samples, however, the
goal was not initially reached. The goal was reached after additional settling time when the
sample was retested after all 13 tests were completed. This measurement is shown in
Figure 7 as the drop in turbidity at the final dose.

Visual Observations

In general, a significant reduction was observed with the APL Bridger product, however the
reduction did not meet the turbidity goal of 50 NTU. Once the reaction occurred, the floc
that formed was generally a fine floc. After Product application, the color of the sample was
stained compared to the color of other product sample tests. This could be pigment in the
water sample that was removed in other product tests.

3.9. Test 9 - Biostar-CH 2% (First) then APL Bridger (Second)
Results
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Test 9 is a two-part system of Biostar-CH 2% (First) then APL Bridger (Second) and was
performed on five samples. The results were similar to the results of Biostar-CH 2% alone
and as a result, the shortened test list for the Tailgate Test Kit did not include Test 9. Test 9
was not tested on the last three samples that were collected. The two-part system of

Biostar-CH 2% (First) then APL Bridger (Second) dose-turbidity results for each sample
tested are presented in Figure 8.

Figure 8. Test 9 - Biostar-CH 2% (First) then APL Bridger (Second) Dose-Turbidity
Curve

Test 9 - Biostar-CH 2% then APL Bridger
(Hild and Associates)

1000 <

100 —-

Turbidity (NTU)

10
0 5 10 15 20 25 30 35 40 45 50 55 60
Total Dosage (Drops*)

= = Goal (50 NTU) Test Sample —{O— Sample 1
—— Sample 2 —O— Sample 3 —¥k— Sample 4

*Measurement is a Drop from a 1ml Disposable Pipette

Results
The target turbidity goal of 50 NTU was achieved for four of the five samples.

Visual Observations

Once the reaction occurred, the floc that formed was generally a medium floc. The results
were similar to results from testing Biostar-CH 2% alone.

3.10.Test 10 - APL Bridger (First) then Biostar-CH 2% (Second)
Results
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Test 10 is a two-part system of APL Bridger (First) then Biostar-CH 2% (Second) and was
performed on five samples. The results were similar to the results of Biostar-CH 2% alone
and also Test 9. As a result, the shortened test list for the Tailgate Test Kit did not include
Test 10. Test 10 was not tested on the last three samples that were collected. The two-part

system of APL Bridger (First) then Biostar-CH 2% (Second) dose-turbidity results for each
sample tested are presented in Figure 9.

Figure 9. Test 10 - APL Bridger (First) then Biostar-CH 2% (Second) Dose-
Turbidity Curve

Test 10 - APL Bridger then Biostar-CH 2%
(Hild and Associates)

1000

Turbidity (NTU)
=
o
o
I
1

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Total Dosage (Drops*)

= = Goal (50 NTU) Test Sample —{J— Sample 1
—— Sample 2 —O— Sample 3 —¥k— Sample 4

*Measurement is a Drop from a 1ml Disposable Pipette

Results
The target turbidity goal of 50 NTU was achieved for all five samples.

Visual Observations

Once the reaction occurred, the floc that formed was generally a medium floc. The results
were similar to results from testing Biostar-CH 2% alone.

3.11.Test 11 - APS 703d#3 Floc Log Results

Test 11 is the product APS 703d#3 test and was performed on five samples. Test 11 was
not included in the shortened test list for the Tailgate Test Kit and was not tested on the last

28
G-28

\\francis.wenck.local\vol1\0791 MnDOT\44 Tailgate Test Kit\Task 4 - Field Testing\Results Memorandum.docx



Vov

Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

three samples. The APS 703d+#3 test dose-turbidity results for each sample tested are
presented in Figure 10.

Figure 10. Test 11 - APS 703d#3 Floc Log Dose-Turbidity Curve

Test 11 - APS 703d#3 Floc Log
(Applied Polymer Systems, Inc.)

1000 O—

Turbidity (NTU)
=
o
o
T

10
0 30 60 90 120 150 180 210 240 270 300
Time (min)
= e= Goal (50 NTU) Test Sample —{O— Sample 1
—— Sample 2 —O— Sample 3 —¥k— Sample 4
Results

The target turbidity goal of 50 NTU was achieved for one of the five samples.

Visual Observations
A significant reaction was observed for two of the samples. For three of the tests, turbidity
readings were measured after approximately 290-300 minutes of contact time and the

target turbidity goal was not achieved. This contact time is significant in consideration for
scaling to full scale application.

3.12.Test 12 - APS 706b Floc Log Results

Test 12 is the product APS 706b test and was performed on five samples. Test 12 was not
included in the shortened test list for the Tailgate Test Kit and was not tested on the last
29
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three samples that were collected. The APS 706b test dose-turbidity results for each sample
tested are presented in Figure 11.

Figure 11. Test 12 - APS 706b Floc Log Dose-Turbidity Curve

Test 12 - APS 706b Floc Log
(Applied Polymer Systems, Inc.)
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Time (min)
= e= Goal (50 NTU) Test Sample —{O— Sample 1
—— Sample 2 —O— Sample 3 —¥— Sample 4
Results

The target turbidity goal of 50 NTU was achieved for one of the five samples.

Visual Observations

A significant reaction was observed for only one of the samples. For three of the tests,
turbidity readings were measured after approximately 290-300 minutes of contact time and
the target turbidity goal was not achieved.

3.13.Test 13 - APS 703d#3 Floc Log and APS 706b Floc Log
(Simultaneously) Results

Test 13 is the products APS 703d#3 Floc Log and APS 706b Floc Log (Simultaneously) test
and was performed on five samples. Due to the test results, Test 13 was not included in the
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shortened test list for the Tailgate Test Kit and was not tested on the last three samples

that were collected. The APS 706b test dose-turbidity results for each sample tested are
presented in Figure 12.

Figure 12. Test 13 - APS 703d#3 and 706b Floc Log Dose-Turbidity Curve

Test 13 - APS 703d#3 and 706b Floc Log
(Applied Polymer Systems, Inc.)

1000 O—
S S/
'_
£
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=

'_

10
0 30 60 90 120 150 180 210 240 270 300
Time (min)
== = Goal (50 NTU) Test Sample —{— Sample 1
—— Sample 2 —O— Sample 3 —¥— Sample 4
Results

The target turbidity goal of 50 NTU was achieved for one of the five samples.

Visual Observations
A significant reaction was observed for two of the samples. For three of the tests, turbidity

readings were measured after approximately 290 minutes of contact time and the target
turbidity goal was not achieved.
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To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin, Wenck Associates, Inc.

Date: March 3, 2017

Subject: Field Notes Memorandum

Samples were collected and tested to develop the Tailgate test kit from eight sites. The field
notes collected while performing the tests are included in the following Attachments.

ATTACHMENTS

Attachment A - Test Sample (Synthetic sample made from pond sediments)

Attachment B - Sample 1 (From a discharge hose at a St. Croix River construction site)

Attachment C - Sample 2 (From a discharge hose at a Hwy 53 construction site in northern
MN)

Attachment D - Sample 3 (From a discharge hose at a St. Paul Technical College
construction site)

Attachment E - Sample 4 (Created from a soil sample and water collected at a Hwy 371
construction site in central MN)

Attachment F - Sample 5 (Grab samples from three separate BMPs from a Hwy 36 and
Lex. Ave. construction site in Roseville)

Attachment G - Sample 6 (Runoff grab sample from a Hwy 96 construction site in the north
metro)

Attachment H - Sample 7 (Synthetic sample made from a Nemadji River construction site
soil and distilled water)

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 {.f£mail wenckmp@wenck.com  Web wenck.com
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Attachment A

Test Sample (Synthetic sample made from pond sediments)
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Product Test List

J'%f—/’!

LB2101 (first) then Liguifloc 1% (second)

Test #| Test Completed Product Name Manufacturer
Control =
Floc 06 Innovative Turf Solutions
SCI-CW-AD Standard Contracting
Earth Poly Stable Plus Earth and Road
Liquifloc 1% Dober
Dober

Biostar-CH

&%

#

APL Bridger

Blostar-CH (first) then APL Bridger (secondk

p—

APL Bridger (first) then Blostar-CH {second)&

Hild and Associates
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X ",- X\“ T-Iy‘a.nd Associates
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4

APS 703d#3 Floc Log M q‘,‘:'jt

1]
I .&pplied Polymer Systems, Inc.

APS 706b Floc Log

Applied Polymer Systems, Inc.

DX PR KI5 2 o A e <

Wo/

APS 703d#3 Floc Log and 706b Floc Log (simultaneously)

Applied Polymer Systems, Inc.

\Wkﬁimmumw&wmw

— ==

Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232
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Responsive partner.
Exceptional outcomes.

Date:

é/ / //é Field Analyst(s):

K-‘vb., T, {)L\ﬂ
Site: Creacle gﬁw‘(l CGUS Loui{ Sz‘j&mi
S uflhicSagl oF [LTad $o 10004 v
igi 1 2
Product Tested: APZ 6/;% éw},) ﬂm Bi\oSLr"'CH 6[{4{:? Ré I:yi.:n? Y N

A (H",Clﬂ}& ﬂM;
Mixing Method: Rapid Mix (Shaking) of Slow Mix (Stirring) V\Ul/‘“hm N
\""-—-—-—-.._J

D T e B I g o
N Initial Sf{lgﬁ wl L3 | 7o &5 65—7) 43/ f/; ,,,,) 9u¢f°"\(’
% Final (X min after floc addition) | /5 ){9,‘, 14,37 |72.59 | 9F. 14 3.
Q\ b ¢ C- v . p—
‘ \_ ST e ;52,;@ Pt punett mebiod o dd S, m““lj 75,97
\ Time Dosage /\K] Unit Notes:
»ﬂ O ' f t?n)up Approximately how long to get reaction? <
‘_@_ 9.5 || Vap * Prlbv g 5?.».,{.-% o oy Yiller
[A] € L 3%
Bl &5 | | [4]lw.p
STl EI T =
Rl 75| | Do N 2 A, l B fpl Roidgs g
Total: Y $be Ceoip e “tobld vl 22 dednels

P add ) o Bugder b adshkis S ceods
4 F r&wa\wr\'cv;p 30£C0“0Q-§- Take NTt

N yead . N ati Pot)  Brost=tr—4/0¢ Bo
B S B T e A o

. Aold.
Podud Cle oy Hoy Lias o caction. Nagent pn

g = Fioster-<hFDep Lusired_pegulds.
A=A40CL ﬁﬁAJ‘_, 17'1‘7’3

H Gee “ hod 4.4 &j{r 51&_4_/ » SheetLofr



VQV
Yo WENCK

Responsive partner.
Exceptional outcomes.

e ESN td

/ . s ,M )4 =
site: teac [“ @“%MVL' C"/’l/) G ‘. g s

Sprllas. Tomple ot VoW~ 0 p
Product Tested: A/)S 7033#3 F’gc /oq eaction? @

N
(_ APN%ySM; TE«)
- 7/ !
Mixing Method: Rapid Mix (Shaking) @;\N—Mix (Stirring) f\ig‘{n/cf'l N
. --_______-_-/ .

>S0%

; . o Pre-filter Post-filter — N.m[» .
Reading Time Temp (°C) pH Turbidity (NTU) | bidity (NTU) s ‘(—‘
Initial A~ Jol,p.n V.95 | 7. 40 (Ué’ 3}’ f
Final (X min after floc addition) | ! $€pml A8 | 2. 40 x3-|5 G

Fhr ke T ) 730,
Dosing Table: NT(X

TimF “;,@i Dasag.gé,ud -UG'P Notes:

o ‘ fneai Approximately how long to get reaction?

« | ~—= | -5
6 [~ | 36,71
._.An;mg@u 324y

‘ — | #bA|
20 | = 3515 .
% A’ﬂw\ -}3:_ Doty ' St A=W Arace M vd
Total: ‘G\'{"S\: A ‘W,\ ‘I’vﬂ T \‘Y-LIA‘G?) Tl w @I\/ '("‘5-/
' hress gt

[ ~inle ank let ctolk B cpchn
E ¢ (-M Q—A-'/{ ‘ﬂjh('s’,l\.%“.\ ..#c g e, hfw.
poled o bk SeZdir L T TA/ﬁl reid v ad— 5 vnix OM P

abade plb .
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Responsive partner.
Exceptional outcomes.

Date: 4/‘{/ / 6 Field Analyst(s): \

Site: ”JMCL RMM?‘ /é‘V)
()m%‘c f‘“r‘* o IATZEB\ ‘dlﬂwmﬂ

by P o
Product Tested: A-P5 706&; Pfac /dq R;actio::;‘ @ N

(‘Aa’p{.‘«\ pn' v\h.)}s 74 5-!%5' / "Eﬂg ) ‘ &le
Mixing Method: Rapid Mix (Shaking) o‘fstow Mix > 5,09/ Y N

Pre-filter Post-filter f——-hu«ng

Reading Time Temp (°C) pH

) WTU)J,IMEI&“V (NTU) |
— <1ie8 |1.a5 | 742 ‘%M fuspeet
Final (X min after floc addition) | 3:3¢, . | 00,47 | 7,74 5.3 i 1 '%g
- !
Sark 1’ s

Dosing Table:

Timg.¥] DOfageQ}‘.?/ —MNT(A Notes:
O |[ode | —

S | == | £5.75
(o et é 4. 35/

s —— =
! /1/3; JZ@

3 s | — [15-30

Approximately how long to get reaction?

Fatal: . W “I'Mﬁh/e,ﬂ‘tsff C1 el Dece ée‘té, lnt
W‘A p-{' |mid,/;_:‘ﬂ S e M{ICASM;W < jasech -
-7 ! . . _ _ ) ‘v
(\M(m.\q il Anetio, woe pold_ctle B Mokt w et il ol
LE!F ) | minte. tah. AT W:} She B 30 reads
fo Lrot occure T P S T VO WV W 7
# rohred cu ened by - V%ﬂuol vkl o&‘;?mi reto (F s,

{),»\.7 Sl #
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Date: /OL//é Field Analyst(s):

Kr'YL hr- (
Site: anc_)/( %aj&wt}' CGV) Lacive Sfal !az S
S w%“}h: SW{&, q& A% ]AJ_/ 5 | 000 ml

Product Tested: A—PS 703(11#_57 va\ 76'6\]9 F’&: ‘oq@""‘"] Reac? 77«0
] \J
(A A Mcﬁﬂ@/\]
Mixing Method: Rapid Mix Shak[ng) o] w Mix (Stirring)

Responsive partner.
Exceptional outcomes.

>S07%
Reading Time Temp (°C) pH Tur:feli-lﬁltge[rlj[u) P?St ;'l(t::_u‘)""" ME)-E
Initial < 4o 1 X145 |7 40 0%7 gl S5
Final (X min after floc addition) | % "7 4 30.90 | 7.0 | 2.3 23 26
4 "
‘;(—w}»vg ’h-.- ?’4’7fw
Dosing Table: A/TM
TEMl?M(\'l Dosage ! e Notes:
O ! F{e“b — Approximately how long to get reaction?
S T— &7
| {0 _ 10,75
podih
e % ot-sewme Ticg
2 AWQJ_,Q “L,pe..nc_ | erosen A J’”w é’lee’ﬁ.;?-—
Total: e f/ )[;}7! ) CJN’,r) <, el Wf\)‘ﬂq Fwaﬁzh

) Stic o [minste , wnid S aiddles ok Fabe
TM(W) N AL YRV o7 mcﬂ,t,, Shir 30 seankls ol vl SEH
MK b, Cob octore Gl $ iy A Jufe Nhu nedy . reped
‘X"ML‘U-"L"“"”' wuti | Legire N <es vifs.

{R’l’r\jﬁw S\"‘}"
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment B

Sample 1 (From a discharge hose at a St. Croix River construction
site)

H-18
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Test Checklist WENCK

Responsive partner,
Exceptional outcomes.

Field Analyst(s):

<Kirby-Femplin-(Wenciy—

Date: _7/1( /lb

Louis Sigtermans (WenckA

Site: S{' . Cﬂ') (t?( Jeff-Strom-CWencky

Other

Product Test List

Test #| Test Completed

Product Name

Manufacturer

1 Control -

2 Floc 06 Innovative Turf Solutions
3 SCI-CW-AD Standard Contracting
4 Earth Poly-Stable Plus Earth and Road

5 Liquifloc 1% Dober

6 LB2101 (first) then Liquifloc 1% (second) Dober

Biostar-CH 2%

Hild and Associates

DA b AN SAPE I | <

APL Bridger Hild and Associates
9 Biostar-CH (first) then APL Bridger (second) Hild and Associates
10 APL Bridger (first) then Biostar-CH (second) Hild and Associates
11 APS 703d#3 Floc Log Applied Polymer Systems, Inc.
12 APS 706b Floc Log Applied Polymer Systems, Inc.
13 APS 703d#3 Floc Log and 706b Floc Log (simultaneously) Applied Polymer Systems, Inc.
Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon ) 0.04167 1.232

Sheets and guidance developed through field testing of products H-19
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M A M
4 % A
o -3
5 5 Test # 1 WENCK
2 /3
) L
/1,’ “g Responsive partner.
OF ™M Exceptional outcomes.
Field Analyst(s):
Date: / / A / (b Kichy. Templin-(Wenck)
Site: S‘ . C/(\O VX Jeft-Strom-LAenek)
Other

Product Tested: Control

Significant Reaction?

)

Mixing Method: No Mixing Method

Sample Parameters:

Reduction to < 50 NTU? Y ( )

nll’\ﬂ‘ MA

ﬁww,lﬁ,} it Ag M'{'Muj;u’ki
. - ° Pre-filter Post-filter i(jb' 6> 000
Reading Time | Temp (°C) PR | rurpidity (NTU) | Turbidity (NTU)* %
Initial |“o0? 21.30 |"7.4b | b | -2
Final ({M(‘v\\ [: (L‘f i R
' / ’ L__________,/% i c% 7N

Notes:

* The filter used was a coffee filter.

» The control is a reference that can be used to compare the results from the products that were tested

» There were no products tested in the control.

Sheets and guidance developed through field testing of products

H-20
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2 5 Test # 2 WENCK

'z%\ g
N K

Responsive partner,
Ofr TRPS\

Exceptional outcomes.

Indicate Field Analyst(s):

Date: 7/ 2,(/ ib Kirby Templin-Oierck)

Louis Sigtermans (Wenck)\ b
. [
Site: S" CJ“\S(

~Jeff-Strom-tWanele)
Other
Product Tested: Floc 06 (Innovative Turf Solutions) Significant Reaction? @ N
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? n N
(e 1)
M Gre coan NoYes
Sample Parameters; », 1000
Time Temp “ pr filter Post-filter
. e-filte ost-fi
Reading (clock) (°C) PH Turbidity (NTU) | Turbidity (NTU)

mial Contro) | [0 | 2120 | 7Mbb | T
Final “L‘” '2,0‘ (0 g.b“’] ‘61'5""

Dosing Table:
Starting Time (clock): l ' 2 g
Ti D Added [o lative D . -
(r:?ne) (Sp?)f)i _ Dfop) u(zsoi;vfnr(;ia)ge Pre-filter Turbidity (NTU)
0 { |
{ \ 2
z \ 3 3038 (7w
7 \ Y |
Notes:

* The filter used was a coffee filter.

Vnible focs aller 34 4“*? added -. Some Clm\{im\ /[m\o»pw\‘—ﬂ fevba |
Aley Tt dewp, Docs lacger, shit Hoatrny, flocs presenly
F.le C(OQC\L,A \)U’M Q\ARJ‘L‘.‘{ !

Mixing Guidance:

« Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat
until desired results,

7
Sheets and guidance developed through field testing of products H-21 \Q‘)&/& z Sheet ( of !
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Responsive partner.
Exceptional outcomes.

Q\NN ESo GI

(& %
Y T
= = Test#3
Wy

7ok TRPS\
‘ Indicate Field Analyst(s):
Date: "7 /le ((;’ Kirby-Templin-CMienely™
st ot Cro L deff-Stromr{wenchy
Other

Significant Reaction?

Product Tested: SCI-CW-AO0 (Standard Contracting)

Reduction to < 50 NTU?

2 &

Mixing Method: Rapid Mix (Shaking)

Sample Parameters:

1000 ¥ See Con

H.
haler

205k

Dosing Table:

14k

Cumulative Dosage
(Spoon - Drop)

Starting Time (clock):

Dose Added
(Spoon - Drop)

Time
{min)

Pre-filter Turbidity (NTU)

© l l

pd ( 7

2 | 3

"g 7 5 "'“-\‘lg 8 I'"\t‘/\>
5.5 2 1 2% .S 12.S min)

Reading Time Temp pH Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) [Log 2(, 30 146 m
Final 9 o) '%e'.—iﬁ ’gT‘b'cT '28 ,‘[&' (2-0.3?—
7.2%

* The filter used was a coffee filter.

rlo S -‘:k/ LY deQ

400@»&& &
Moee X foating Fiocs

S‘Mallw »FteLS 1%7 dmps Minimal
Flley clog g92d\ m&m{cu, f;zcu‘df-b,s

Mixing Guidance:

+ Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

H-22
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Test # 4

Site:

St. (i

Product Tested: Earth Poly-Stable Plus (Earth and Road)

Indicate Field Analyst(s):

enc

AN
WENCK

Responsive partner.
Exceptional outcomes.

¢Touis Sigtermans (Wenck)

Jef&Strom-QMenck)

other

Mixing Method: Rapid Mix (Shaking)

Sample Parameters:

Significant Reaction?

Y (Ni
=g

Reduction to < 50 NTU?

v (V)
g

(it
>1000 s $re cgn{vf?mm

Reading Time Temp oH Pre-filter Post-filter
(clock) (°c) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) f: 09 924,20 TMb %
Final 2“ ZL‘ “ZOHS’ 7= “ a(".(olg
Dosing Table:

Starting Time (clock): 2 * 05

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Spoon - Drop) (Spoon - Drop) (NTU)
O

i

2

3

H.3

d

98 oM

0.5

[
[ tnd

M IS Kol ~

97.63

Notes:

* The filter used was a coffee filter.

A@of Gl 4ol :.JM'\‘OV\‘ SQM'PIL became thile / S‘«7n¢p\,

Y7

Mixing Guidance:

« Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products
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Y o)
5 = Test #5 WENCK
2 &
6\4/’ §\ Q Responsive partner.
OF TRP Exceptional outcomes,

Indicate Field Analyst(s):

Date: 7/&‘/[ L‘) M
’ . Louis Sigtermans (Wenck)
8‘}'( Cﬂo e

Site:
Other
Product Tested: Liquifloc 1% (Dober) Significant Reaction? m N
g

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? ﬂ N

. ( ok ()
Sample Parameters: 7 1000 )}S%
Readin Time Temp H Pre-filter Post-fllter

g (clock) (°C) p Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) ( : oe\ VAR ‘50 7 Y6 m
Final 2:5| 2). lo 1,26 22.34 12.28

Dosing Table:

Starting Time (clock): "2 P ’5 \

Time Dose Added Cumulative Dosage . .
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)
0 (

05
\

—.
M

N

Lt( [ %S/ Q7 ﬂ!\fl\)

23.I% 1 anin)
ZZ;%L\ ‘q M(‘f\}

-

T loo| o\ | [ W N |~

\
r
i
\

1

7
7

)

Notes:

* The filter used was a coffee filter.

FINC/ C.[o‘)c}d Ql\d/,'{ %cubib[\;

Mixing Guidance:

+ Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

H-24 ‘"/\6)3( >§S/Sheet L of\_

Sheets and guidance developed through field testing of products
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VQV
WENCK

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Site:

ebyF i3 )
L
Louis Sigtermans (WenckD

wJeff-Strerm-Lilanel—

Other

Product Tested: Dual Part System (DPS) LB2101 and Liguifloc 1%

(Dober)

Mixing Method: Rapid Mix - LB2101 (Shaking)

Slow Mix - Liquifloc 1% (Stirring)

Sample Parameters:

(¥) n

|

Significant Reaction?

Reduction to < 50 NTU? m N

>I000 # See %ﬁm’% Noley

Reading Time Temp pH P_re_-filter P_o#—filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) | ¢ o@\ 2.4 20 ‘7' Yo m
Final 2113 | 22.8) 7o 233,90 | 2.4
Dosing Table:
Start Time (clock): l | gb‘ Step Table:
. . Liquifloc 1% Cumulative
mimy | StP | Turbidity (NTU) sten | iorope) | [ded Dosage
0 i 1 1 1 1/ 1
‘ Z 2 2 1 3/ 2
7 2 {og L% (—1 M«,Q 3 2 2 5 / 4
&[4 Au28 (e | = 2 R
(4 & 29 9D 94 ""f'\j 5 3 3 11/ 9
6 4 3 15/ 12
7 4 4 i9 "/ 16
8 5 4 24/ 20

Cumulative Dosage: LB2101 / Liquifloc 1%

Notes:

* The filter used was a coffee filter.

AYSN'S \C(ML»\).. Flocg  observed

Mixing Guidance:

« Start mixing ratio at step one which is to add 1 drop LB2101 and shake for 5 seconds and then add 1 drop Liquifloc 1% and

stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, perform next mixing step. If reaction is

noticed, wait remainder of 5 minutes to test turbidity (Allows floc to settle). Repeat for next mixing step until desired results.

Sheets and guidance developed through field testing of products

H-25

/\/6(?&/ % {0 Sheet \‘_ of_\__‘



H
ANIVaS,

Py
’?TAT\CF\

(0]

Test# 7

A
WENCK

Responsive partner.
Exceptional outcomes,

Q
)
%OF TRP‘\

Date: | _717’\ /l(ﬂ

Site: 8"‘ . C/m i)(

Product Tested: Biostar-CH 2% (Hild and Associates)

Indicate Field Analyst(s):
— St
Louis Sigtermans (Weng@

Jet-Shrom-QWeneig-

Other

Mixing Method: Slow Mix (Stirring)

Significant Reaction? m N
U/

Reduction to < 50 NTU? m N

Sample Parameters:

Jes 2 .
= 1000 ﬁ&%gnlm, npdes

Reading Time Temp pH Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) | ‘09 21.%0 746 M
Final RPN 22 34 7 28 2. (oc\

Dosing Table:

Starting Time (clock): ’3 t ]7

Time Dose Added Cumulative Dosage . -
(min) (Drop) (Drop) Pre-filter Turbidity (NTU)

0S5

!
‘\Y

£2.10

276

1.5
2

]
l
l
|
(
1

=& [V} 0 I\ | —

21, 69

Notes:

(‘9‘Y ﬂ'\\'\'\y

(125 min)
( (% Ml\t\)

* The filter used was a coffee filter.

Flocs bfga)e/ afler G dmgx

Mixing Guidance:

¢ Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products
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N 0%
5 %
X°) -
5 = Test # 8 WENCK
2 &
2 L
’l/} §\9 Responsive partner.
OF TRP‘ Exceptional outcomes.
Indicate Field Analyst(s):
Date: 7/2‘//(b Ky Termplin-Qilendld—
@gigtermans (Wenck)\‘)
site: S{‘ . t et Strom-Mlenck)
Other
i
Product Tested: APL Bridger (Hild and Associates) Significant Reaction? @ ?
Mixing Method: Slow Mix (Stitring) Reduction to < 50 NTU? ( Y : ’7
ge! éf”e/ﬁf\j
Sample Parameters: > ’w@ ¥l ’E’D A’Ok)
Reading Time Temp pH Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) I :Oc‘ Zl ) “30 "‘7‘ Yy m
Final 4.3 20,80 1,38 5%.92
Dosing Table:

2:5%

Starting Time (clock):

Time Dose Added

(min) (Drop) (Drop)

Cumulative Dosage

Pre-filter Turbidity (NTU)

0 \

0S5

i \

[S {

62 .49

~
1.5

b

o~ [T M e (W N 1=~

£.5

5%.90 ('35 Ml‘f\>

Notes:

* The filter used was a coffee filter.

\Fm seall  Llocs : once Se,(-Heo\ Cocs are dqmco\ B&M-L

f‘(\‘fﬂ‘%_

d&oes nok- bieale ft«m Qa(((«

Mixing Guidance:

+ Add 1 drop and stir for 5 seconds, Let sit to react for remainder of 30 seconds. If no reaction is noticed repeat

the turbidity (Allows floc to settle). Repeat until desired results.

If reaction is noticed, wait remainder of 5 minutes to test

Sheets and guidance developed through field testing of products
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% | n

@\
SN
o =
5 = Test#9 WENCK
2 &
) £
’1/7, ‘\6 Responsive partner.
OF ™M Exceptional outcomes,
Indicate Field Analyst(s):
Date: 7 ,)7»\ /'(D Kizby-Fempiintierek™
site: St. G X Jeft Strom-(Wenek~
Other
Product Tested: Biostar-CH (first) then APL Bridger (second) Significant Reaction? @ N

(Hild and Associates)

Reduction to < 50 NTU? m N
./

’A
Sample Parameters: 7(000 g m{%ﬁm v\.q)‘j%

Reading Time Temp H Pre-filter Post-filter
(clock) (°C) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) {ioc‘ 21-20 1.4k m
Final Y:3) 23.24 1,24 20.6% Il.00

Mixing Method: Slow Mix (Stirring)

Dosing Table:
K7
Starting Time (clock): ' '
Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (A or B) (Drop) (Drop) _(NTU)
0 I

i
{
) ‘ 47,49 (65 min)

[
l

f.
T
15
g l
8.9 l

Product Code: A = APL Bridger, B = Biostar-CH 2%

>0 > o 1 [

OO RN~ —
A N N UM EN R

290 .8 ()‘5,5‘ mi‘m)

Notes:

* The filter used was a coffee filter.

Mixing Guidance:

+ Add 1 drop Biostar-CH and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop APL Bridger and stir

for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

1F BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

/lffﬁl( %j: q Sheet J___ of j_
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ViRT
SR, (A
2 2 ) Test # 10 WENCK
£} & |_Associates |

6\4/7‘0,_. TR V\‘bq Responsive partner.

Exceptional outcomes.

Indicate Field Analyst(s):

Date: 7 ’/7/\ [/lb Kisby-Templin-tWenek)
e .
@?Sigtermans (Wencm
\ . - |

Site: S’f‘ . Crv A Jef-StremrQienck)

Other
Product Tested: APL Bridger (first) then Biostar-CH (second) Significant Reaction? m N
g

(Hild and Associates)

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? m N
U/

ferh!
Sample Parameters: ? lw(? &Qz{, gf?’in)’ V\dl)vjlfi

Time Temp H Pre-filter
(clock) (°C) P Turbidity (NTU)

Initial (Control) {109 2130 7.4k %
Final 4T [ 23 .31 WA 2370

Post-filter

Reading Turbidity (NTU)*

Dosing Table:
P 'l
Start Time (clock): L‘ ( 3‘3
Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (A or B) (Drop) (Drop) (NTU)
o
0.5

1)
1
1.5 )
& A
8.5 b \

Product Code: A = APL Bridger, B = Biostar-CH 2%

GHIE | (1S min)

B
{ A
B
A

)
l
)
\
I
(

R NN N e
o || e sl | 3| —

230 ("SS mf«)

Notes:

* The filter used was a coffee filter.

Mixing Guidance:

¢ Add 1 drop APL Bridger and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop Biostar-CH and stir

for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

| e test q l Lowl
Sheets and guidance developed through field testing of products H-29 \Q'S)( % O Sheet of




Test# 11

> =
:2\ =
2 &
R &
’OF TRPS\
Date: 7 / Z‘ ’A (9
Site: g‘(’, C.a’b ('3(

Indicate Field Analyst(s):

kerby-Fempiir-tienck)

AY
WENCK

Responsive partner.
Exceptional outcomes,

(uisz;;;rmans (Wenck) 3
\

~Jeff-Strormr(Wenck)—

Other

Product Tested: APS 703d+#3 Floc Log (Applied Polymer Systems, Inc.)

Significant Reaction?

Mixing Method: Slow Mix (Stirring)

Reduction to < 50 NTU?

Sample Parameters:

=080

(lesﬁp’

% 502 C 6

ey
. &)
notes

Reading Time Temp pH P_re_-filter P.os_t-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) I 04 “2(.30 TMb m
Final 5:“0 1’5 (\‘5] _7.1‘ \'384\"
Dosing Table:
Starting Time (clock): L"@ : t;g
Time Pre-filter Turbidity
(min) (NTU) .
5 147.0 \ WSLD ac o
10 ’T v r\g SN M*

49 .

Stir for 30 seconds

15

(35 Y4

Notes:

Vs

* The filter

used was a coffee filter,

Lbﬁ sk dli(\o‘e %-Cie/ [S anfn

Mixing Guidance:

+ Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products
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NES
W 0%

5 o
2 <
) =
2 3
K £
Q)
Or tpM

Vv,
(A
Test # 12 WENCK

Responsive partner,
Exceptional outcomes,

Indicate Field Analyst(s):

4irby-Templin Venck)-

Date: 7/2&/ [k
Site: 8'{5 ‘ Cm \\SL

ouis Sigtermans (Wen:lZ)\B
N

defF-Strom-tWenck)

Product Tested: APS 706b Floc Log (Applied Polymer Systems, Inc.)

Other

Mixing Method: Slow Mix (Stirring)

Significant Reaction? Y (f“
/

Reduction to < 50 NTU? Y (N

Sample Parameters:

(lest /)

=000 % See 264t moles

. Time Temp Pre-filter Post-filter
Reading (clock) (°C) pPH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) ( fOCi "7_‘[)‘3{) 7,\-( (" "Pﬁ’
Final 518 23 .6 108 139\
Dosing Table:

Starting Time (clock): L‘, ‘ S@

Time Pre-filter Turbidity
(min) (NTU)

5 149. |
10 146.§

Stir for 30 seconds

15 139.]

Notes:

\
ok ) -<
)(J . /\»07 rof b atcloww[e,

309@1/

* The filter used was a coffee filter.

Log shu visdle aller 15wy,

Mixing Guidance:

* Add 1/2 pencil size eraser piece that fits in a drop size meastrement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products H-31 P@,}(%&’ {,}Eheet \ of 3
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\&\\*\ 0727

> 2 Test# 13
- @
% O
) R
7or Tap

Date: 7/2\/“@

Indicate Field Analyst(s):
KirbywTermplin-tWenck)

MAY
WENCK
[ ASSOCIATES |

Responsive partner.
Exceptional outcomes,

e
{sSigterma ns (Wenck) )

Site: g‘t ¢ C(O 1&)(

Jeff-Strem-Lilenck)

Other

Product Tested: APS 703d#3 and APS 706b Floc Log (simultaneously)

{Applied Polymer Systems, Inc.)

Mixing Method: Siow Mix (Stirring)

Sample Parameters:

Significant Reaction?

Reduction to < 50 NTU?

v (1)
J
v (v)

’\7
Jes¥
S ¥ cee é‘fﬁh) !

Readi Time Temp H P're—filter Post-filter
ng (clock) (°c) p Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) ( :0‘\ 2«(.36 &7 .“fb M
Final SR | 23258 143 23,2, (c3.9
Dosing Table:

Starting Tfme (clock): L{ ¢ DZ
Time Pre-filter Turbidity
(min) (NTU) N

5 49,2
10 iLfZ‘B

Stir for 30 seconds

15 23,2

Notes:

* The filter used was a coffee filter.

Leg sbill visble affer |5 win.

Mixing Guidance:

¢+ Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon for both products simultaneously. Stir for 1 minute

and let sit for remainder of 5 minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute

time. Test turbidity at the 15 minute time.

Sheets and guidance developed through field testing of products H-32
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment C

Sample 2 (From a discharge hose at a Hwy 53 construction site in
northern MN)

H-33
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WENCK

Respansive partner.
Exceptional outcomes,

Test Checklist

Field Analyst(s):
ﬁ;'TempII (Wenck Assaciates, Inc.)

Date:

Site: 5 5

(Wenck Associates, Inc.)

(A \Viwe F.

0P Do s ni stz vnd

N c—
Other

Product Test List

Test #| Test Completed Product Name Manufacturer

x x\x_yx’

1 X Control -

2 )Q Floc 06 Innovative Turf Solutions
3 )« SCI-CW-AD Standard Contracting
4 'x Earth Poly-Stable Plus Earth and Road

5 % Liquifoc 1% Dober

6 x. LB2101 (first) then Liquifloc 1% (second) Dober

7 x Biostar-CH 2% Hild and Associates

8 X APL Bridger Hild and Associates

g Biostar-CH (first) then APL Bridger (second) Hild and Associates

-
(=1}

APL Bridger (first) then Biostar-CH (second)

Hild and Associates

APS 703d#3 Floc Log Applied Polymer Systerns, Inc.

APS 706b Floc Log Applied Polymer Systems, Inc.

-
[t

YOIk KX,

Applied Polymer Systems, Inc.

-
L

APS 703d#3 Floc Log and 706b Floc Log (simultaneously)

Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoan (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Sheets and guidance developed through field testing of products

H-34




VQV

' %
O
2 5 Test # 1 WENCK
3 &
3 L
4/’ ‘\G_, Responsive partner.
OF RN Exceptional outcomes,
g 1 27 ] lﬂw Field Analyst(s):
Date: | £ _@byjemplin (Wenck Associates, Inc.)
_ o0 T Py Wy AT Y Py ar espCiziEeIhr =
Site: S 3 - ﬁf}imm (Wenck Associates, Inc.)

Product Tested: Control

Other

Mixing Method: No Mixing Method

Sample Parameters:

Reading Time Temp (°C)
Initial IF | 22-%
Final 855

Notes:

* The filter used was a coffee filter.

/;5’06’(“%{‘\'% all T wane Cwnup{v]—@}'ﬂ’m{'eld :]}, M;mij..l at Zltop

° The control is a reference that can be used to compare the results from the products that were tested.

» There were no products tested in the control.

Sheets and guidance developed through field testing of products

Test #1 Sheet I of J
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n

e
3
<
4,
OFTHh

g/ 3/ It

Site:

Product Tested: Floc 06 (Innovative Turf Solutions)

%%}‘fmm

%
E: Test # 2
O

rop s 10(5& Jib VT (‘t.u/‘)

, V \4

WENCK

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

dﬂ'y Templi‘ Wenck Associates, Inc.)

o) (W] W92 o g LM R Fd a T i v o5 o m v T oy o
——  ————i—

«——JeftStror (Wentk Associates, Inc.)
Doeye § fonlowd
core e |

Significant Reaction? N
[

Other

Mixing Method: Rapid Mix (Shaking)

Reduction to < 50 NTU? m N
LI

Sample Parameters:

>low/

Temp
(°c) Z2Z2.3

i Time
Reading (clock)

H Pre filter&//
70!{ Turbidity (NTY) | Turbidity (NTU)*

Initial (Control) 4, U’['/ &‘ =

v

B 3.7

-9 L. 7Y

Final C‘?"} CT
Dosing Table:

Starting Time (clock): ] 0 C?

Time Dose Added Cumulative Dosage
(min) (Spoon - Drop) (Spoon - Drop)

Pre-filter Turbidity
(NTU)

=40 J i

"
a o

085 { i

Clats

\

o / 3

NE.74

Iﬂ‘w"“" 71,‘“ \!-"I»);“ﬁ

# cedested sihin | witn

Notes:

At pobad ot

>-jc)00 S

* The filter used was a coffee filter.

taida ]

g§0f"\ & ALler o\ J-c;lsw*/z’o.«'aa le - Tl 'thiJa}-, LAVAS Mca Someh a“" 6.056

Mixing Guidance:

* Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle), Repeat

until desired results.

Sheets and guidance developed through field testing of products

Test #2 Sheet 4(7 of _L
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s ~
= E Test # 3 W E N C K
E &
6\4,). QQO Responsive partner.
OF TRP®

Exceptional outcomes,
/ / Indi Analyst(s):
Date: g 3{ /é ﬁenck Associates, Inc.)
Site: 5 ? @énck Assaciates, Inc.)
er D*“-"—*fyﬂe. ..S)Leﬂ /‘-“-)(

e
R e s
Product Tested: SCI-CW-AQ (Standard Contracting) Significant Reaction? m N

o —

Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y m

Sample Parameters:

Time Temp H Pre-filter Post-filter
_ (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) B 1 7& Ad: 3 7.04 > 1000
Final (O:0) | &3.4 240 | 7. 13| ¢7, 0

Dosing Table: q -36
Starting Time (clock): 3

Reading

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Spoon - Drop) (Spoon - Drop) (NTU)
0 / \ ~— \
i / i g . U8 \/ I,.
O.S ( xR T¢.B "? 6uS ‘;_.{_/;, ,‘{ e Ot ) ?_
‘ _ y Lol msAIE b
e [ = (3. O e
1/ ! ¥ o CO.s~7
/2.5 ( £ Th. 32
Q) [ seidgy ips| 7)o

Notes:

fm * The filter used was a coffee filter.

SR Al a5} e Complebe, Tt ucli K s wensn el 43¢

Mixing Guidance:

» Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

Test #3 Sheet l of ;

until desired results.
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,,,
‘\-&

ORTATIO

S
2 OF Tnlk\“‘

. B/3) 16

. S5

Product Tested: Earth Poly-Stable Plus (Earth and Road)

do Mtu&?gvﬂig’ ‘m. AV

Test # 4

Indicate Field Analyst(s):

WENCK

Responsive partner,
Exceptional outcomes.

Kirby Templig (Wenck Associates, Inc.)

sociates, Inc.)

Jeff Strom (Wenck
Other (o

e (Fesled

Significant Reaction?

fee%é(o» —%/(M‘i

Mixing Method: Rapid Mix (Shaking)

&)
()

Reduction to < 50 NTU? Y N

Sample Parameters:

Nt

5 Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) 'g‘-/ 7 3. ? A0 71000
Final [0:43 >F-7 7. d3| 186.5

Dosing Table:

[O- 1

Starting Time (clock):

Cumulative Dosage
(Spoon - Drop)

Time Dose Added
(min) (Spoon - Drop)

Pre-filter Turbidity
(NTU)

O |

194 . {

.5 [ =

176

[ ) l =

18%. &

(3-5 ) Sing . Sy |43 9
> | THD 2 Al A 150. S

Notes:

\,U. S
x ] e
Ko° o P
Dpwﬁﬂ
o

i

* The filter used was a coffee filter,

2 gof‘“ ¥ AL o Mes) iven C"Wﬂ*"‘“‘;"ﬂ‘ hrloiv(«#y ) s at ,%‘Z’q"

}:L,L g | el
&

Mixing Guidance:

* Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products
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Date:

Test#5

Site:

g3 /“’
53

VQV
WENCK

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):
{irby Yemplin (Wenck Associates, Inc.)
\__/

AT
LQuis STatErans (JeRsiAsstr

@om (Wenck Associates, Inc.)

Other D\WJ]VU\
;’Z_(\;le:tﬂ-_\
Product Tested: Liquifloc 1% (Dober) Significant Reaction? Y, N
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? A"
Sample Parameters:
Time Temp Pre-filter Post-filter
Reaging (clock) (°C) pH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) A4 R7 N 3 7.0
Final A0 -5 25 .Y T g

Dosing Table:

Starting Time (clock):

10 S0

Time Dose Added Cumulative Dosage Pre-filter Turbidity J
(min) (Drop) (Drop) (NTU) I
) ) —

[-&

[

|
&

174. 0 3> o J "

d

]

”(I?, - i ‘[/DM’M | l./ 8

(A5~

b0.3)

o+ T~
S({.2F

(3
AS.

=
7
&
é

T, T

Notes:

* The filter used was a coffee filter.

S’Imev\‘ Al all Jests were /cf?o(xm{,‘ﬂx Jw&'al{/f-; was Wes,eh at j4. 97

Mixing Guidance:

 Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Test #5 Sheet ! of /

Sheets and guidance developed through field testing of products
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.4 %

o

z : Test # 6 WENCK

- &

6\41’_ Y\0_3 Responsive partner,
OF RN Exceptional outcomes.

Indicate Field Analyst(s):

Date: 5 }3 / lLa mn (Wenck Associates, Inc.)
I :
site: 5 Josf StromWenck Associates, Inc.)

e
Product Tested: Dual Part System (DPS) LB2101 and Liquifloc 1% Significant Reaction? m N
L
(Dober)
Mixing Method: Rapid Mix - LB2101 (Shaking) Reduction to < 50 NTU? ¥ N
Slow Mix - Liquifloc 1% (Stirring) | T
Sample Parameters:
. Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) 8:14- = a.«cl 1 2.0 If S jedo
Final 13,55 99-3 £ 21 s 9%
Dosing Table:
Start Time (clock): l ’g ¥ 9"3 Step Table:
. , Liquifloc 1% Cumulative
Time Pre-filter LB2101 Added
2 Step e Step Added Dosage
(min) Turbidity (NTU) (Drops) (Drops) (Drops)
O i o Smetian, | 1 1 1 1 /1
LT 1 | (B ® pratiy| 2 2 1 3 1 2
G323 | D6y 7ol 2 2 5/ 4
Q-5 [ | 63T | e[ a] s 2 A
e
R[S | g 9b | w3 s [ u /o
) c 7 s {\,_l}_, . I'.vll 4
0 6 4 3 15 / 12
F J\i’
7 4 4 19 / 16
8 5 4 24/ 20

Cumulative Dosage: LB2101 / Liquifloc 1%

Notes:

* The filter used was a coffee filter.

3:50pm K _NHer all J5K wane fo«?}ou#& 1L fwé;,;;-f;, wras Peased ot 33.0)

Mixing Guidance:

o Start mixing ratio at step one which is to add 1 drop LB2101 and shake for 5 seconds and then add 1 drop Liquifloc 1% and

stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, perform next mixing step. If reaction is

noticed, wait remainder of 5 minutes to test turbidity (Allows floc to settle). Repeat for next mixing step until desired results.

Sheets and guidance developed through field testing of products Test #6 Sheet l of k
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WNESQ,, VAV
Y 1 8 A
R
3 s Test #7 WENCK
2 &
6\% %QO Responsive partner.
OF Tﬂh\i Exceptional outcomes.
) Indicate Field Analyst(s):
Date: 8 , 5/[ (G Kmﬁplin (Wenck Associates, Inc.)
T L s — -
- L e er i e e B e P ate c.)
Site: D 3 @Sﬁqm (Wenck Associates, Inc.)
s —

g —ad

&

Product Tested: Biostar-CH 2% (Hild and Associates) Significant Reaction?

Mixing Method: Slow Mix (Stirring)

Reduction to < 50 NTU? (‘h N
e

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
g (clock) (°c) B Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) % 47 1373 7.0 71000
Final Y% | X719 . 33 3347%

Dosing Table:

Y0

Starting Time (clock):

Time Dose Added

Cumulative Dosage

Pre-filter Turbidity

Notes:

(min) (Drop) (Drop) (NTU) i f/'-'*:
o | ( Lol
0.5 | -
.0 I 3
L0 ! q
E2 | i
| % 1 ¥%)

* The filter used was a coffee filter.

3':5’0’% ¥ AP all Josts were compluted i ‘}WL;&H), s Mgasdeed aF L7 4)

Mixing Guidance:

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results,

Sheets and guidance developed through field testing of products

H-41
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VQV
Test # 8 WENCK

Responsive partner.
Exceptional outcomes.

Indicate Ei Analyst(s):
Kirby Templirf (Wenck Associates, Inc.)

iy ek Associates, Inc.

mﬁk Associates, Inc.)

s e

Product Tested: APL Bridger (Hild and Associates) Significant Reaction? ﬁ\\ N

"\
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y m

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) L.4U47 A).3 7.04 > (000
Final LN 38.0 | 643 [%¢. 2

Dosing Table: . 0
Starting Time (clock): G)‘ - '

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Drop) (Drop) (NTU)

@ | “—

0.5 | \a\gaﬁ
2 l 144.0

.3 |

A |\ 76, 7
s l :
K 9.4

255 [ (34, %

RN MS NN~

Notes:

* The filter used was a coffee filter,

3:50pm ¥ OGPl ali ksJ;Mero?}éuM/fm “"lAr'oa‘d,:;, wel_meas Lo 1)4.Y

Mixing Guidance:

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products Test #8 Sheet k of !
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O“\\“NESOZ&'Iz VQY
ny (e}
2 g Test # 9 WENCK
3 &
6\ @Q Responsive partner.

Yo

F Tﬂk‘i

Exceptional outcomes.

Indicate Field Analyst(s):

@in (Wenck Associates, Inc.)

3!3/[(0

Date:
5 Louis-Sigtermans{ WenckAssteiatos-Ted)
Site: 9 Jemenck Assaciates, Inc.)
e i

Product Tested: Biostar-CH (first) then APL Bridger (second) Significant Reaction?

(Y

(Hild and Associates)

Mixing Method: Slow Mix (Stirring)

Reduction to < 50 NTU? (\’?—\ N
o

Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
i (clock) (°C) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) 47 p B .« 7. 04 1000
Final lyﬁ--;}\ AL e S e 'g[.")"“/

Dosing Table:
L3
Starting Time (clock): 7 5- O g

/Tfi"? Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity » ,\'\\
el (A or B) (Drop) (Drop) (NTU) :'*(' g N v
0 B '( . \.\_ ;._,\ "(\ ‘_:_“l-'* — : \,'-"V\,
l -— L ‘\ . == {\jjr' | / J ; 1 .
£+ Do A‘ { Y 167 ? 5 \W g oY

-5 R : - |

> | 15 A : ] —

® M50 z : o .

—~—| 3.0 A 1 = -

[9:S o A 5
.0 | A \ - .

Product Code: A = APL Bridger, B = Biostar-CH 2%

Notes:

* The filter used was a coffee filter.

"5170;3#4 o APl all P (are mwzfﬂym},ﬂ. wbid;? was reasulat 39.09

Mixing Guidance:

s Add 1 drop Biostar-CH and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop APL Bridger and stir

for 5 seconds, Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results,

Sheets and guidance developed through field testing of products test #9 Sheet of
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Product Tested: APL Bridger (first) then Biostar-CH (second)

Test # 10

Indicate Field Analyst(s):

VQV

WENCK

Responsive partner.
Exceptional outcomes.

(Wenck Associates, Inc.)

(Hild and Associates)

Mixing Method: Slow Mix (Stirring)

eff Stram (Werck Associates, Inc.)

Significant Reaction?

[

L
Reduction to < 50 NTU? m N

N
Sample Parameters:
Readin Time Temp H Pre-filter Past-filter
9 (clock) (°c) p Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) 8. 17 a3

T4 | =0 00

Final 23D A%, %

6.73

5097

Dosing Table: _—
Start Time (clock): 31 0 ’

Time Product Code Dose Added Cumulative Dosage

Pre-filter Turbidity
(NTU)

(

(min) (A or B) (Drop) (Drop)

(5.3

0.5
6,5

(
(
J

11,0

i

e

rl

$0.10

L
184 [

v BN S PN o=

4 [

JINatanas

3).97

Product Code: A = APL Bridger, B = Biostar-CH 2%

MNotes:

—

* The filter used was a coffee filter.

’%:a'ﬁf«« ¥ Al all Jesl e mz-a@ahg, Ao mml}y vas peased at 35744

Mixing Guidance:

= Add 1 drop APL Bridger and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop Biostar-CH and stir

for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products
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NES
@v\ Oy:q

v'bv
Test # 11 WENCK

“U.HVd 30

>

C_-, Responsive partner.
%OF '['Fﬂ’n‘k Exceptional outcomes.
2; g Indicate Field Analyst(s):
Date: m.ﬂck Associates, Inc.)

- —— —
------------ mseesiates, Inc.)

Site: 5, 3 & Jeff Stro_n_'_m_ E)Venck Associates, Inc.)
Other bw&-,u SJ—eﬂ LJ s-..{,(
CCOn EW L e |

Product Tested: APS 703d#3 Floc Log (Applied Polymer Systems, Inc.) Significant Reaction? Y m

)
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? b 6)

Sample Parameters:

Reating Time Temp Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) St7 3d.3 ~7.0¢ > 000
Final (':s’{ é-g’-,é é,(dl ';olﬂl

Dosing Table: [ 1.
Starting Time (clock): ’3

(T|:1T:) Pre-filt(t:l rTLu) rbidity
5 [04.4 —] 9 ot o (-
10 - ! 7 [ i 7 e , L%

15 NP ém/,},\«, & )

2 | Qo7 3L faz 2

Shir o 70 cecal

S | IS0,
3 15'7,1 ol

Notes:

* The filter used was a coffee filter,

¥ APy all4eS% wene /ufagm{,,#a P bididy way rabid i 57, 1%

Mixing Guidance:

= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products Test #11 Sheet l of \
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WNESo \/ . \4
s (A

S
2 5 Test # 12 WENCK
3 13
6\4'). QQO Responsive partner.

OF TRP‘\ Exceptional outcomes,

g 3/ Indicate-Field Analyst(s):
Date: /é Kirby Templin ck Associates, Inc.)
rd { ¥ e
53 = s
Site:

Jeff Stro Wenck Assaciates, Inc.)

Other i? Wv»-yu ‘)Ltifo/l

thCcab %/r"zv‘v
Product Tested: APS 706b Floc Log (Applied Polymer Systems, Inc.) Significant Reaction? i m
—
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y @
Sample Parameters:
Time Temp Pre-filter Post-filter

Reading pH

(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) Z’L} 7 P o § =70 “/ > 000
Final RO | &N é oA 074

Dosing Table: - 8
Starting Time (clock): ’\ ‘ ad (

Time Pre-filter Turbidity
(min) (NTU)

5 Ips .5
10 ([1.7

Stir for 30 seconds
15 {6 3, A
o0 | 164.7
Shpr e 70 s cand S
28 | 203,77
30 >077.Y

Notes:

* The filter used was a coffee filter. _
30p 3 APer _ad) doshs were com?rp(-chll, 12 dcbids /l-, v masoeAal Noos

A
f

/

= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

/
L]

Mixing Guidance:

minutes. Test turbidity at the 5 minute and 10 minute times, Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products Test #12 Sheet “ of {
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WNESo vV, \4
s, N

2 = Test # 13 WENCK
3 3
o) g :
Yo ran? By oo
3 /6’ Indi i nalyst(s):
Date: g{’ C __;K_fiby Templiﬁenck Associates, Inc.)
Site: 5(3 Mck Associates, Inc.)

et

Product Tested: APS 703d#3 and APS 706b Floc Log (simultaneously) Significant Reaction? m

(Applied Polymer Systems, Inc.)
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? X @

Sample Parameters:

, Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) %: ‘f 7 \?.& - 7.0 ‘/ 7 ' D&&
358 | 3831 657 | qnqp

Dosing Table: .
[;‘}O . r"-U\
N\

Starting Time (clock):

;:.T; Pre-filt(eNrT'll:lu)rbidltY -
; (2. ] Mo ok b bl o
10 ( 7 L,’ .3 %NL%\J‘W-II |
15 [94-7)
. %’éq@@
§rys 2
20 & .10

Notes:

* The filter used was a coffee filter.

7:5Vpm N bl all desks wtve conplyel wb.'drﬁ, was trasse o 445

Mixing Guidance:
« Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon for both products simultaneously. Stir for 1 minute

and let sit for remainder of 5 minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute

time. Test turbidity at the 15 minute time.

Test #13 Sheet } of }

Sheets and guidance developed through field testing of products
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Vov

Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment D

Sample 3 (From a discharge hose at a St. Paul Technical College
construction site)

H-48

T:\0791 MnDOT\44 Tailgate Test Kit\Task 4 - Field Testing\Field Note Sheets Completed\Field Notes Memorandum.docx



WNES VIRV
o ~n
T 2
z & Test Checklist WENCK
3 3

6\% Q,QO Respansive partner.

OF TRP*‘\ Exceptional oul'.corne-s.

Kirby Templin (Wenck Assaciates, Inc.)

S /(T

Site: 5‘,' ()‘*UI

(o»ll.e,qp.,

Product Test List

Test #| Test Completed Product Name Manufacturer
1 X Control 5
2 > Floc 06 Innovative Turf Solutions
3 X SCI-CW-AO Standard Contracting
4 % Earth Paly-Stable Plus Earth and Road
5 K‘ Liquifloc 1% Daober
6 )(. LB2101 (first) then Liquifloc 1% (second) Dober
7 )( Biostar-CH 2% Hild and Associates
a8 >< APL Bridger Hild and Associates
9 }(_ Biostar-CH (first) then APL Bridger (second) Hild and Associates
10 7( APL Bridger (first) then Biostar-CH (second) Hild and Associates
11 x APS 703d#3 Floc Log Applied Polymer Systems, Inc.
12 -\1 APS 706b Floc Log Applied Polymer Systems, Inc.
13 ';é APS 703d#3 Floc Log and 706b Floc Log (simultaneously) Applied Polymer Systems, Inc.

Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Sheets and guidance developed through field testing of products

H-49




Saps, N
/] (@]
< - Test#1 WENCK

A ASSOCIATES
Q

‘\6 Responsive partner,
OFTRM Exceptional outcomes.
& ol B Field Analyst(s):
2110/ 6 .
Date: & Kirby Templin (Wenck Associates, Inc.)
‘ / S .
l f Louls-Sigtermans+{Wenck Associates, Inc.)
Site: {}‘ | er { ( / { ( 'LS(L JEf Stram (Wenck Assaciates, Inc.)
8] —
DOther -
Product Tested: Control Significant Reaction? Y ,’/I\Tj
|
Mixing Method: No Mixing Method Reduction to < 50 NTU? Y /N ,'}
-
Sample Parameters:
x Pre-filter Post-filter
a
Reading Hme | Hwp(6) PR | Turbidity (NTU) | Turbidity (NTU)*
Initial $sd |29 > 1000
Final 255

Notes:

* The filter used was a coffee filter.

/
A Tne b5 fom selly pohod aSlrall dostipece %Q oens albreahash Wl w
Be }%.&9& APh o |} Test wer Cﬂaﬂé{)ziﬁu(ﬂﬂ?? wos neec o > 00O Tor i
» The control is a reference that can be used t6 compare the results from the products that were tested.

M:

« There were no products tested in the control. -

Sheets and guidance developed through field testing of products Test #1 Sheet of ‘

H-50
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5 % A

g % Test # 2 WENCK

3 k

6)0}. Qo Responsive partner.
OfF 11=u>~‘Q :

Exceptional outcomes.

Indicate Field Analyst(s):
e 2 F[10) 16 5 reng) e

irby Templin (Wenck Associates, Inc.)
T |

I Wmc - (Wencic? iates, Inc.
Sites 9_( 1 ?w ! C b l(/—ke = (L] k-Associale )

eff Stropd (Wenck Associates, Inc.)
o —

—Dthee,

Product Tested: Floc 06 (Innovative Turf Solutions) Significant Reaction? Y @

Mixing Method: Rapid Mix (Shaking)

I
Reduction to < 50 NTU? Y N’)
S

Sample Parameters:

Reading ( III:::f() 1;?'?31)!: ph Tur:Ir: i-tf\:lE:IrTU) Tur:i?isi:;ﬁ(l;e;u)*
Initial (Control)
o Gls | 22.3F .53 | JL,000
Dosing Table: ¥
Starting Time (clock): ? L00 T Dasa

Time Dose Added Cumulative Dosage Pre-filter Turbidity _!\t—&g\ e C‘-_'\._z___;_, N,LU‘—

(min) (Spoon - Drop) (Spoon - Drop) (NTU) fa «3— 0 L{ {5"
0290/ l - f“f‘r";o ,lo 3\ 7}\100D
[0 & L 2
00 | 3
3700 \ Y
4.00 | S
Q100 \ L
G-90 ( +
3:0° PGS I :
3.50 C';L wao)&h) [ ( \

Notes:

* The filter used was a coffee filter.

L\W% e

MoT ¢! oflr L e soldudd (5.1 L‘--'vv\wic-—/f""“‘-\ pmstised
Pr«’éd/l-f——{ arenr S rot tC‘-"\((“? .. ?QQ(J

¥Seffly fob Hae, 1o M’ﬁbuq while il Jest by Mawsl Bk flizwns WH&}
Fefloe Wns pou X, .

Mlxmg Guidance: %r‘a 0{4% was C(-LM @t\}\/ﬂ" kﬂlf /}'-/Q/haﬂ {ié) /VTL{ 4\#"(4//7‘4’1

= Add 1 Drop (Measurement Spoon) fo sample bottle, close lid, and shake for 5 seconds Let sit to react for remainder X

- d__S"
of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat /°n.7

until desired results.

Sheets and guidance developed through field testing of products Test #2 Sheet \ of *
H-51




WNESo

\ %
o .,
4 2

B>
3 E
O
Q g
%OF ™R P~‘@

Test # 3

Date: ';Z![ég/{ L)
site: S¢. Bl C;}{(.L%

Product Tested: SCI-CW-AQ (Standard Contracting)

vov
WENCK

Responsive partner,
Exceptional outcomes,

Indicate Field Analyst(s):
irby Tér;lﬁ in (Wenck Associates, Inc.)

er C.

_fg?FStrSh) (Wenck Associates, Inc.)

23]

Significant Reaction?

v odepr
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y @....-
Sample Parameters:
. Time T Pre-filte Post-filter
Reading (cl:::k) (?g)p PH Turbic?lt\:' (NrTU) Turbi‘:lsi:y (NTU)*
Initial (Control)
Final 0o 295.F 1 .99
Dosing Table:
Starting Time (clock): 0] . 'J-\z
Time Dose Added Cumulative Dos Pre-filter Turbidit T
(mr?n) (szien - Dfop) u(r;:oon f Drl:pa)ge o (?Nlr'rul‘;r Y S.f_\‘.:.'k D__é_k c'.."'_".!!-'l . NE ,A—
e , ( 13530 {2 sypy A
| [ R G930 ¢ 2( $92.0
[~ 40 ( % Wt Y ey W
49 (
%0 - L
¢:00 o ¥
4 9s 5 [©
S YS 4 Lf
320 T % >1,000
Notes: b( floc Fad occmm = waldd (lum = \'Jﬁa Wr(,,.‘é (l?)

* The filter used was a coffee filter.

RE ab  camnl e ) oA ’l.:a-l, - noflcy

Flhot floe wes wot guy( i‘ﬁgou%

Kk Ploc seftld ol 1es Ahrell, Oa . hoveinn/ bk o lowma wos 557 'ﬁvlrz’f

l.‘i{fm"' AP.LV a(’#&*ﬁ*fﬂwbﬂbhﬁ. s rzmsw\:ﬂf}. 377.7

Mixing Guidance:

» Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results,

H-52

Test #3 Sheet \ of F



WNESqo A/ . \4
o, * (A

5 %
2 ¢ Test # 4 WENCK
&
% S
49. QQ Responsive partner.
O '|']:‘Pi‘x Exceptional outcomes.

o Indicate Field Analyst(s):
Date: g[{ / [ Ia Kirm (Wenck Associates, Inc.)
[ .,
Lauis-Sigterfans (WenelkeAsSoslates, Inc.)-

Site: >¥, P"\ "‘"\ Cci ('L"'%_{Q JetEStFonP(Wenck Associates, Inc.)
<Bther
Product Tested: Earth Poly-Stable Plus (Earth and Road) _Significant Reaction? Y m\ m&: &kmcl_
s SJMM
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y ﬁ)
o
sémﬁle Parameters:
$ . Time Temp Pre-filter Post-filter
’ Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final (OC:30 | A2 3 1.8 _— S Ak y
Dosing Table: Deleew
Starting Time (clock): {O* }‘a'
Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Spoon - Drop) (Spoon - Drop) (NTU)
_/’,OD [ l WP Adga {;;1\
0 z0 ( > CLF- X Frtwchin woted
(LS \ % SBE. L fFarlatr shoped o v
19 tee ( Y d.d et desf d G, ™ -ch" fo Fm wio—-3S
[
Notes:

* The filter used was a coffee filter,

AT Floc .« ittt e well | Gettom - ¢ ped o é""’“
¥R formud o dn.il el «schafqu_;LaL nwit fest 6
"fv"-/"fl"l"l =i %{?{2951 ﬂC,v'wu s, P"—Cu‘.ﬁ.ﬁ,‘i dosr

Mixing Guidance: (

= Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

'* ‘PLU,: Sl ed wac nuhkmd;,&«_c». huﬂ’a} oo et Stom s JNI Fobid__

' shé an‘ﬂ‘ﬁb g?l{;e Eﬁj\ﬁhmugh f:eIE t% of B products 7 t} LI lL' = Test #4 Sheet ‘ of ’

D{Aﬂﬂm* ﬁp’l\r%“‘f@L "‘1\/5 A &w;(,ﬁéudﬂmw M«a:&NJQ{- 6”5"}”&



@\\“N ESQ).

AN
Y 4 ¢ A
T e
2 Z Test#5 WENCK
= &
3 &L
"‘l)\ \i‘b Responsive partner.
OF RN Exceptional outcomes.
Indicate Field Analyst(s):
Date: 8} (0/ { (a MMn (Wenck Associates, Inc.)
L
{ C) (( Louis Sigteymans (WenckaAssociates, Inc.)
Site: CI{ . O‘\'ﬂ[ % JgffSthom (Wenck Associates, Inc.)
Otifer
o
Product Tested: Liquifloc 1% (Dober) Significant Reaction? (Y-v N
-
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y m
g
Sample Parameters:
" Time Temp Pre-filter Post-filter
Raxding (clock) (°c) pH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
ca 5" | 2570 | 1.4y €0 1>
Dosing Table:

Starting Time (clock):

(055

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Drop) (Drop) (NTU)
[ UAY ( b ne rtac fua
5 | 2~ No reChn
230 { 3 AC  tection
o L Y Nno ~—tocdion

% %0 \ s ne Ne—cfy

Stiuo 3 1Y e e,

-9 > L( NO nwetitng

BLIS 2 14 AD MAawcton

S D S 3 Sligat mteactie g red

Notes: (T_L_M-\{ | _DO'?’\ ’ Ct.uvv\1, A TIA .

* The filter used was a coffee filter, D94S _-')-—-‘ -0 7{‘00 (5] sly vht ~tec tion
oo | 3 3D | Zlweo [ §0% atere
al236| 3 2o gos. ¢

A, =] N 29 933 .0
Yool R [ IA | 5089
333 3 3 | 359
Mixing Guidance: 7'7’:00 = | 3 8 L ? 0 rla“

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 m

inutes to test the turbidity (Allows floc to settle). Repeat until desired results,

HPloc

Sea fuh ed oy

nodice VT v Dot -

c;: *{ﬁﬂﬁee@ﬁgﬁd;{c’;deuﬁi tﬁl@h%ﬁé&ng{h{uh;ﬁa{)} b requa—4 V"C',\-
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WNESQo VIRV
WNESoy, (A

4 %
U
e 5 Test # 6 WENCK
3 &
O
6‘% Q )
‘\g Responsive partner.
OF TRF Exceptional outcomes,
0/ Indicate Field Analyst(s):
Date: g/{ !L’ C Kirby Templin (Wenck As_-i&;“létes, Inc.)
Site: s F PJ Cd((-(v Q:“J‘éff'mm@tes, Inc.)
[i1] e
Other
Product Tested: Dual Part System (DPS) LB2101 and Liquifloc 1% Significant Reaction? ¥ /f\lﬂj
—
{Dober)
Mixing Method: Rapid Mix - LB2101 (Shaking) Reduction to < 50 NTU? Y :d"]
Slow Mix - Liquifloc 1% (Stirring) $
Sample Parameters:
Time Temp Pre-filter Post-filter

Reading pH

(clock) (°c) Turbidity (NTU) | Turbidity (NTU)*

Initial (Contral)
Final M | )79 7.81 | ZIoop 21020

Dosing Table:

Start Time (clock): [3 ‘ 'f sr Step Table:
. ' Liquifloc 1% Cumulative
R i

000 [ A0 ety | 1 1 1 1/ 1

(730 |9~ 1o yeachin| 2 2 . 3 [ 2

1650 |3 I b by | 2 2 2 s / 4

Y- Lfsf 7 o Plach, 4 3 2 8 / 6

5 19 A I IETWVA

Q‘g{f o No ek by 6 4 3 15/ 12

e{ 15—' -]L o /‘-u-—(,(-"y-\ 7 4 4 19 / 16

[[:tc}— %’ . i | 8 5 4 24 [ 20

R q | P 2 Cuﬂ ative D?a'ge: rBZI.Ulg-ﬁquif oc iﬂ / 15

notds; [§ | Lo o | “('l&"lk[al Z ¢ | 96 / 3p

filtg gsed \raﬁoffee;/ﬁ;te 39@ l\ {rl't\ \ é‘:'/ é £1 ; ;E
S - e — 484+
3270 B >wap ] (A7 | 1
181 7 | 7 (55774
225 < u/-.;z m,,. L_,;;’:.._ of Torr, bowesr v olmn Was still
Mixing Guidance: #4- il tuly A - ‘Z
e Start mixing ratio at step one which is to add 1 drop LB2101 and shake for 5 seconds and then add 1 drop Liguifloc 1% and E‘Zla"‘wﬂ\
stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, perform next mixing step, If reaction is gﬂ sz
noticed, wait remainder of 5 mlnutES‘t.t\) test turbidity (Allows floc to settle). Repeat for next mixing step until desired results,
> F N Lhv ol tes iy f\/(ww'i +urk: A iy wis remeay vl d 1000
JH}I W Sheets and guidance developed through field testing of products o Test #6 Sheet OFAL
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@\QN Esg,.

WeVdg,

3!

4
%
E
&
%OF TRMY

g/ely,

Date:

Test # 7

v'bv
WENCK

Responsive partner.
Exceptional outcomes.

Indic jeld Analyst(s):
Kirby Templin (Wenck Associates, Inc.)
_'_-—!—u—._--—l"’

Site: QF’ Pﬂ‘/]

Colly 2
7

Product Tested: Biostar-CH 2% (Hild and Associates)

eff Strom (Wenck Associates, Inc.)

Other

Inc.)

Significant Reaction? Y

Mixing Method: Slow Mix (Stirring)

Sample Parameters:

Reduction to < 50 NTU? N m
L

Time

Temp
(clock) :

Reading (°c)

H Pre-filter Post-filter
p Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

N
Tl vt 4 %"an) ot

5?;.;'!}(:.»:1‘1

Final (U719 AN y 2k 763.§
Dosing Table:
Starting Time (clock): q.’ 5‘7
Time Dose Added Cumulative Dosage Pre-filter Turbidity T:% J.JQ__ (um.i 1(\7\|. U‘
(min) (Drop) (Drop) (NTU) (d«f) ¢

@‘.v/

(5

£

25

=

NN | o —

3.5

Notes:

el d
113 | | 7
2 I
0 ﬁ’{-é-_-y’ 3 >3 I e
5 >& |\ Zlaw

9

* The filter used was a coffee filter.

Mixing Guidance:

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products

| %35

% Rine Ploc wus rotied Fo 3T o hodlon. e var tomnde colomm oas s Furbdd.
all ‘3{&(('1 c’an;&’t/f/ul ﬁ‘ﬁél\o'(}y na tha at glgk'{f

Test #7 Sheet ;\__ of_&_
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QWNESO, N

(e Z

4 % Test # 8 WENCK
= es

i & [associs

S, L

4’} \l Responsive partner.

OF TRM Exceptional outcomes,
Indicate Field Analyst(s):
g// 6”/ A o 2
Date: Kﬁ:_v Templin_(Wenck Associates, Inc.)
r 7/ : =
site: S/ PC‘-V’ & Kd—q}\ it Strom, #WEnck Associates, Inc.)
&t SRS
Other
Product Tested: APL Bridger (Hild and Associates) Significant Reaction? Y m
P4
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y O
Sample Parameters:
Time Temp Pre-filter Post-filter
Ry pH Turbidity (NTU) | Turbidity (NTU)*

(clock) (°C)

Initial (Control)

Final 10 7‘27 g? >1000

395 g 09

Dosing Table:
Starting Time (clock): Id o‘-‘é

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Drop) (Drop) (NTU)

0.5
I

[.%
z
A

&
=
2.6

SN W o =

Notes:

* The filter used was a coffee filter,

B FJom S"’mﬁﬁc N"lh e éa'ﬁz:w }WW W‘A/ colon 13 <b' !/ ']7,.,—1,{51
Yodsgin B b ol g Cr cpCril iR fy s somams o) act 21068

Mixing Guidance:

s Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products Test #8 Sheet l of f
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R @\\“N ESo,.

% VAV
5 % -
v e
X 2 Test #9 WENCK
2 &
%}s ‘\gqo Responsive partner.
OF TRP‘ Exceptional outcomes,
/ / Indicate-Ejeld Analyst(s):
Date: ? /0 /é enck Associates, Inc.)
/ / Suie B taans e ASsuCIales, fic.)
Site: 4 pﬂ/""( (0”2% sociates. Inc.)
/)
'-/ Other
Product Tested: Biostar-CH (first) then APL Bridger (second) Significant Reaction? ¥ m
(Hild and Associates)
.
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? ¥ ﬂ\l-\)
\\h—/
Sample Parameters:
Readin Time Temp H Pre-filter Post-filter
9 (clock) (°C) g Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

Final f1:40 4.9 2.-75 | §73-7 ]| sYA1.
Dosing Table: ‘ l k ’() -

Starting Time (clock):

Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity "/,“4 (
(min) (A or B) (Drop) (Drop) (NTU) -
8 { 7
4.5 A \ ¢.5
l ‘ p\f_ﬁ

5
LT | 4
_| 8
A
3

(l

5

Y ] > "c"éijA

> /1, 1

3.5 7.7 143
Product)Code: A =RAPL Bridger, B = Bﬁtar-CH 20, / é ﬂ_'
| [ s7a7e i

* The filter used was a coffee filter. g

"l‘f.fdw‘t S-CJ#(MWod MALJ aﬂbo'}ﬁlaiﬁ, ;"""“'-""'ln w (@LV.&_:.«.-‘ (s Sh”\7
J_“clgomﬁlorpj-/ 0\”/1-35"'[/\/’-’-/& (WQM/,M!‘A(/%}; A _'Mm:a(‘uw,) K4 [/fé’

Mixing Guidance:

\
&
o~
2

o Q—:';b%@-\-\::&uﬁ._._
g

&

-

= Add 1 drop Biostar-CH and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop APL Bridger and stir

for 5 seconds, Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products test #9 Sheet of l
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WENCK

Responsive partner.
Exceptional outcomes.

g/ / 3 Indicate Field Analyst(s):
Date: /o / (Kirby Templi_n,(.wgnck Associates, Inc.)
7 7

——— )

Site: ,CA ’DC‘-V ‘ (6 IL-'--LQ CJeff Strom (Weﬁ;k Associates, Inc.)
= —

Other

Product Tested: APL Bridger (first) then Biostar-CH (second) Significant Reaction? Y N

(Hild and Associates)

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y. N

Sample Parameters:

* Gt b0 best

| i [N

Reading (Lﬂﬁ} T(‘f’?:‘;:l o Tur:;:i-tf‘.’rlt(‘:\eru) Tur:i‘:isi::i(lt;!ru}*
Initial (Control)
Final ‘J.__' ,tf h,q, | 7:‘/3 g 3,'—f S—
Dosing Table: 5
Start Time (clock): I ! v Lf é Qﬂ)"‘}
Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (A or B) (Drop) (Drop) (NTU)

0

0.5
1

.9

EN

2.5

TR | o>
e

3
]

Product Code: A = APL Bridger, B = Biostar-CH 2%

MNotes:

o Al B |27 ]
fg@gls'a
s [A]3 5
2

= 36 63,
S5 , :
TP RE...
5] e | 3 | IM4533
AN EE

* The filter used was a coffee filter.

‘Xv-;p?&c &Uf'f&o{a_,/q noheeqlbl oy Loftem.

" APL a\l el canpli ke »fw,.fé;g,-b"}? vy Semansad o So- 16

Mixing Guidance:

= Add 1 drop APL Bridger and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop Biostar-CH and stir

for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products Test #10 Sheet ( of I
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< & Test # 11 WENCK
2 &

Responsive partner,
Exceptional outcomes.

. / Indicate Field Analyst(s):
Date: Sg //0 /é irby Templin (Wenck Associgtes, Inc.)
- T N~

Louic-SimtermrafaEn L Aosopiftes, [nc.

site: g’ /)cx./’ (0/&;})7—

Other

Product Tested: APS 703d#3 Floc Log (Applied Palymer Systems, Inc.) Significant Reaction? Y

D6

Reduction to < 50 NTU? Y

Mixing Method: Slow Mix (Stirring)

Sample Parameters:

Time Temp Pre-filter Post-filter
Redding (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final 4.3 F. [ 7 7 e,
’
Dosing Table:
{6
Starting Time (clock): '
Time Pre-filter Turbidity

(min) __(NTU)
5 2 1000
10 =2 io@o
Stir for 30 seconds
15 1900
N (YD)
Sy B0 Secoed

5 | T2
20 Zibp0
Notes:

* The filter used was a coffee filter.

W Some STy Plac rvhiceelole an hotbin, iwcucs bady colomass dill b bid,
wﬂﬂﬁl-f all ‘lféll/-)jf}\f Aﬂ"-u!;, MLu‘O{!}/M_J W—MSM"J. act Z57.)

Mixing Guidance:
s Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

455

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products Test #11 Sheet ! of i
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Test # 12 WENCK

4/). \Qo.)q Responsive partner.
OF TR Exceptional outcomes.

g/ / Indicate Field Analyst(s):
Date: /0 /é < Kirb; Temnlinmates, Inc.)
7 7
v - i) c.)
Site: % \l PM I (é'//e:’],;" Jeff Strom (Wenck Associates, Inc.)

V2,

—t

Other
Product Tested: APS 706b Floc Log (Applied Polymer Systems, Inc.) Significant Reaction? Y @
—
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y @
Sample Parameters:
Readin Time Temp H Pre-filter Post-filter
g (clock) (°C) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final 738 3).¢ 7. 7% 000 - 8]0)]
Dosing Table: i @
Starting Time (clock): G] v M
Time Pre-filter Turbidity
(min) (NTU)
§ Z\ooo
10 006
Stir for 30 seconds
15 Zloco

X0 | S(ewe
Sk sVsecands

S > 10O
20 | >io0p
Notes:

* The filter used was a coffee filter,

Ksorme «tlly  probeable. bovelir vade colun., 15 R wes, Fbid.

K f}ﬁﬁ/ él// J‘-’)lf K/J}/\rw/ hmb;‘4|}7 pas M&C\SW{ at >]Od’)€)

Mixing Guidance:

= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time, Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products Test #12 Sheet “ of ‘
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,’?‘s\\\*\NES 0):?% VQV
%_:; K Test # 13 WENCK
(o]

ASSOCIATES
&1 ‘\QQ Responsive partner.
OF TRP* Exceptional outcomes.

e B0V
Sk Pt Cllog —

Product Tested: APS 703d#3 and APS 706b Floc Log (simultaneously) Significant Reaction? Y

(Applied Polymer Systems, Inc.)

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y

® G

Sample Parameters:

Reading Time Temp pH Pre_-filter P_os_t-fllter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*
Initial (Control)
Final P27 1.6 59 Zl0ooo 100
Dosing Table:
Starting Time (clock): 0\: %
Time Pre-filter Turbidity
(min) (NTU)
5 Z 1090
10 2o
Stir for 30 seconds
15 > O0O

YO | Sl
_f—‘[‘?r 30 L-QCr-\-elS.
>S5~ > 020

30 Di0ca

Notes:

* The filter used was a coffee filter,

® G e Sldtey Ploc nodreccl, hisnem— ﬁ*/&'(/(}y Was meas +
0);015?,,% My ot Lsts @ﬁga@;, &é,g.; [utef PP ws mul GE FIT 7

Mixing Guidance:

= Add 1/2 penclil size eraser piece that fits in a drop size measurement spoon for both products simultaneously. Stir for 1 minute

and let sit for remainder of 5 minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute

time. Test turbidity at the 15 minute time.

Sheets and guidance developed through field testing of products Test #13 Sheet ! of ‘
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment E

Sample 4 (Created from a soil sample and water collected at a Hwy
371 construction site in central MN)

H-63
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Date:

Test Checklist

o'
WENCK

Responsive partner.
Exceptional outcomes,

Field Analyst(s):

%/n/w

~Kirhy Templin (Wenck Associatesalnc.)

- ' (’ \ Inc.
Site: % F? l &,I \f\’\iﬂv‘u\(\ (, < Jeff5tr enck Assaciates; Tnc.)
= ! } Other
Product Test List
Test #| Test Completed Product Name Manufacturer
1 X Control -
2 \%‘ Floc 06 Innovative Turf Solutions
3 ¢ SCI-CW-AQ Standard Contracting
4 x Earth Paly-Stable Plus Earth and Road
5 )( Liquifloc 1% Dober
6 % LB2101 (first) then Liquifloc 1% (second) Dober
7 ﬁx' Biostar-CH 2% Hild and Associates
8 X. APL Bridger Hild and Associates
9 x Biostar-CH (first) then APL Bridger (second) Hild and Associates
10 )( APL Bridger (first) then Biostar-CH (second) Hild and Associates
11 ‘&' APS 703d#3 Floc Log Applied Palymer Systems, Inc.
12 f\ APS 706b Floc Log Applied Polymer Systems, Inc.
13 X APS 703d#3 Floc Log and 706b Floc Log (simultaneausly) Applied Polymer Systems, Inc.

Measurement Spoon

Equivalent Measurement

Volume Equivalent (fl 0z)

Volume Equivalent (mL)

Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Sheets and guidance developed through field testing of products
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U
> % Test # 1 WENCK
3 &

6\ Q i artner,

Yror rar® by s
Fie—ldf‘ﬁg_alvst(s):
Date: ‘;?[l /IL; Kﬂ:@ (Wenck Associates, Inc.)

Loui ¢k-Asseciates, Inc.)

Site: ’9 4 (, 5 ;)m {lu HC- ) JMNR Associates, Inc.)

Other—

Product Tested: Control Significant Reaction? Y N

Mixing Method: No Mixing Method Reduction to < 50 NTU? Y N

Sample Parameters:

0 . i Pre-filter Post-filter
Reading R | KeigC) PH | Turbidity (NTU) | Turbidity (NTU)*
Initial 2.0 |21 [ o S07F-

Final ?Z 23 {/?é C.-

Notes:

* The filter used was a coffee filter.

?' *A'N‘V wlf r"f.l// (W fu:/Lﬂl L Al Mﬁﬂmbu’—oﬂ At 5&5’{-?-;‘

rﬁ e The control is a reference that can be used to compare the results from the products that were tested.

¢ There were no products tested in the control.

Sheets and guidance developed through field testing of products Test #1 Sheet l of ‘
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Responsive partner,
Exceptional outcomes.

NES
o@\‘\ 0;‘;:

4 o

>

% E Test # 2
%, <L

7or TP
Date: 'g,} “[/ ['L irby Templin’(Wenck Associates, Inc.)
. LewiESrtermans (Wenek-hesoniatesimes)
Site: ‘;} l (‘ S '}}V\ﬂ”""’hc ) @Wenck Associates, Inc.)

e

Indicate Field Analyst(s):

N

Product Tested: Floc 06 (Innovative Turf Solutions) Significant Reaction?

Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? (9\ N
o

Sample Parameters:

e (:'I:;i) 1;?’:21)': B! Tur:;‘:i-tf\:li?“rTU) Tur:;:jsi:;fl(l tNe':u)*
Initial (Control) 4 4o Li. | ' £.bé So7.9
Final 9G:50 ol ko 3. {Y.»e [t 75
Dosing Table: ('ow‘,(]»)r
Starting Time (clock): ‘? ‘YO
Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Spoon - Drop) (Spoon - Drop) (NTU)
Bi.E2 ( l e naeda
[-00 | 2 wo ree fin
DYO A b N0 et
Y.o0 { Y ne e fiv
S %0 i v * (O - F
HES n C oY
[ 79 | 7 Yy.20o

Notes:

* The filter used was a coffee filter.

wktad o deps W poduct wot Gl cﬁﬁsofﬁt
£

Uk o c:\fJf‘,"-’ € reectin ,'J‘I\_M*M"ﬂ“’. | G i o o7 ';-/}-’(‘k ST

2705 pu KBThe_all doske cuapls

Mixing Guidance:

l‘l’c\, 'T:ALM’I\L, i) NMWessuwad ale “-7_‘;
/ x

« Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products Test #2 Sheet of
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Test# 3

L L
Site: 77’” ( sﬂh{(/‘/’("">

Product Tested: SCI-CW-AQ (Standard Contracting)

o
WENCK

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Km;;n (Wenck Associates, Inc.)

Louis Siitermans-(Wenek-Assodates; Inc.)
}éﬁfr?o?n (Wenck Associates, Inc.)
Lo T
~Bphery
— AY

mw

Significant Reaction?

g
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y @
Sample Parameters:
Readin Time Temp H Pre-filter Post-filter
g (clock) (°C) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) q9;30 bl 5 b6 SO7. (]'
Final SEC DY g | 4.35 NGS5

Dosing Table:

0. 0F

Starting Time (clock):

Time Dose Added Cumulative Dosage Pre-filter Turbidity
{min) (Spoon - Drop) (Spoon - Drop) (NTU)
0-900 pa 3 ) N Moy
100 ( Y WO Atechiin
315 ( & ). S Sint|reacta
¥Ys [ (5 ¢ 13 i s
245 / R [F0.L
i9- iy { 3 [S5.%
24 0© l 9 1114
B S [ (O ‘ﬂo
Notes:
* The filter used was a coffee filter.
& Ploc ‘E.J:H’L%_v.« Kﬂ)"#ﬂ\&(\‘ brr ot {}?c«/"r

Zﬁgf'* 4 Al all sl wee thﬂg \di l—; vz yeaesoela/

11,73

Mixing Guidance:

» Add 1 Drop (Measurement Spoon) to sample battle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction Is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

H-67
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Test # 4 WENCK

&
4‘% Q )
‘\9 Responsive partner.
OF TRP‘ Exceptional outcomes.
) Indicate Field Analyst(s):
Date: 'é' ] “] 1, IO irby Temphn (Wenck Associates, Inc.)
| —
{ . ) i3-S (WenejeAssociakes; Inc.)
Site: 27’} l ( VN \"/\ﬂ’% C JET Strogh (Wenck Associates, Inc.)
/ S —
—=Other_
Product Tested: Earth Poly-Stable Plus (Earth and Road) Significant Reaction? ¥ m
LA
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y m
7
Sample Parameters:
Reading Time Temp H Pre-filter Post-filter

(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*

]
Initial (Control) 70(0 . / é 66‘ SO 7
Final (D0 % N (o XS L[%]’_t?

Dosing Table:
Starting Time (clock): (O ) {?'E

NS Mg fio (500 b = Gy

o Mae P = L?/‘?Q ?
o At phia
no prochiom

b (s
T 00 \
¥ 00 {

Notes:

e

Time Dose Added Cumulative Dosage Pre-filter Turbidity Te P Conmwi i NT A
(min) (Spoon - Drop) (Spoon - Drop) (NTU) T e o — —_
0 Vo f ( o k] TS X U newall
0 J0 ( > i DF 2 15 verehy
’g:-- o) ‘\ 5 m\? N~ o».c.h‘d'ﬂ [l <50 "}\ [ 3 o Atel &
310 | 4 o rimcion DVie 2 (F portach,
"i" 1”5 { S o Mc—s—c/'{\b-‘ \?30 3\ l"z s Nuc’b\
S5 ( o
";«_.
%

* The filter used was a coffee filter,

& 'yl sted o B crand cop ok dp g

5;[}‘)/?‘-)’(‘ Afhe 1l e v (.cfwsg(a%, ‘]’WL«Q:J? Woy depvas and (A]L 551.9

Mixing Guidance:

= Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products Test #4 Sheet \ of &
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Date:

s/ utle

Test# 5

VQV
WENCK

Responsive partner,
Exceptional outcomes,

Indicate Field Analyst(s):

Site:

@H (Wenck Associates, Inc.)

Louis. Sigtermans_(Wenck Associates, Inc.)
Jeff Strom (Wenek Associates, Inc.)

23] (sqathet

Product Tested: Liguifloc 1% (Dober)

other (JOEL 7o o

Mixing Method: Slow Mix (Stirring)

Significant Reaction? m N

Q

Sample Parameters:

Reduction to < 50 NTU? K) N
|

" Time Temp Pre-filter Post-filter
Reading (clock) (°c) i Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) 9 40 ddi ] YA A |
Final { f"(gpm.‘ W(’. M‘ (/?
Dosing Table: 23.& 6. (
Starting Time (clock): ( "09 ?m
Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Drop) (Drop) (NTU)

S ( (
I l )

2 . o

2 [ =9

Y 2 7

& 2 9

G 2= ((

F = (2

4 [e .
2 [P ——— a.,s' = resc bosic
e 3 ik
Notes
* The ﬂlteWas a coffeec?ilter =* q 4
7 A 2y ﬂ#

ﬂ—ﬁ_

505€m X Arter oM dede wens prans

MA MJZ, Lty Mgt A of LT

Mixing Guidance:

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products

Test #5 Sheet _ /  of g
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5 % A
T &
= 7 Test # 6 WENCK
3
0
6\4' \& Responsive partner.
OF TTRM Exceptional outcomes,
/ nalyst{s)
Date: & f([/’(p @nMASsomates Inc.)
site: 3¢/ (511, w“\b““—) Jeff-Stro -
Other JGEC  Toso
Product Tested: Dual Part System (DPS) LB2101 and Liguifloc 1% Significant Reaction? m N
(Dober) .
Mixing Method: Rapid Mix - LB2101 (Shaking) Reduction to < 50 NTU? Y m
Slow Mix - Liquifloc 1% (Stirring)
Sample Parameters:
Readin Time Temp H Pre-filter Post-filter
g (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) Q"y((} 2/ 6 ot(f; ;0 PA ‘?‘
Final | AT q"} % (°t XL{
Dosing Table:
el
Start Time (clock): (s {p?m Step Table:
" Liquifloc 1% Cumulative
Time Pre-filter LB2101 Added
(min) | StP | Turbidity (NTU) SteP|  (props) (gﬂod::) 33‘1?::)
d | 1 1 1 i off 4
Z. o~ 2 2 1 3y 2
3 3 3 2 2 5 /| 4
¢ o 4 3 2 8 |/ 6
S & 5 3 3 11/ 9
G & 6 4 3 15 / 12
7 =4 7 4 4 19 / 16
£ gl 37 5 4 24 / 20
= J@—_ Ct{ﬂulatme 3esage' Lleol‘;/,.Liquif lac 31/2q /aLS- 1
Noteﬁ 24 = '}‘V‘H’- |0 é b 3¢ /20
* The fi s as 2 : “ f é 7‘/ / 3é
K O ' - g '
= . N, 7% I L€ Yu/am

23\ [5e

29,5 [o2
3051)«)];&9!-1/ al l{’rk fﬂ.mnl L.l -hui, Al'/ Al Ty ﬂ/ A

Mixing Guidance:

* Start mixing ratio at step one which is to add 1 drop LB2101 and shake for 5 seconds and then add 1 drop Liquifloc 1% and

stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, perform next mixing step. If reaction is

noticed, wait remainder of 5 minutes to test turbidity (Allows floc to settle). Repeat for next mixing step until desired results.

Sheets and guidance developed through field testing of products Test #6 Sheet i of g
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2 2 Test #7 WENCK
E k
6\4 gqo Responsive partner.
)\OF Tnh\\ Exceptional outcome.s.
/ Indicate 59 H
Date: g/{ //// é’ irby Templin (Wenck Associates, Inc.) N
n ’ O T SS T n-...ﬁ:.-i;;::;'.-_v"-.::':,'":“_“'_-" e,
Site: 3 7/ \/sfylﬁ jC(" }75) m‘
Other

(Y : N

p—

Reduction to < 50 NTU? m N
L

7

Product Tested: Biostar-CH 2% (Hild and Associates) Significant Reaction?

Mixing Method: Slow Mix (Stirring)

Sample Parameters:

¢ Time Temp Pre-filter Post-filter
Reading (clock) (°c) Pt Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) g, &0 A (.1 6. 66 $O79

Final

THES

rS

7\ 20

Dosing Table:

05"

Cumulative Dosage
(Drop)

Starting Time (clock):

Pre-filter Turbidity
(NTU)

Time Dose Added
{min) (Drop)

)

0. ]
[ l
LS [
3

A5 1
2 |

o
1
s

Notes:

* The filter used was a coffee filter.

Mixing Guidance:

= Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Test #7 Sheet ' of i

Sheets and guidance developed through field testing of products
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Test # 8

Site: ; 7/ ( /S}” jﬁ.'}"/ \
i _/

Product Tested: APL Bridger (Hild and Associates)

N
WENCK

ASSOCIATES

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst( Ei:'
TeW}

e T A T T W L
e Tle

Mixing Method: Slow Mix (Stirring)

Significant Reaction? Y/@

(Y

Sample Parameters:

Reduction to < 50 NTU? b d N

. Time Temp Pre-filter Post-filt
Reading (clock) (Err?) pH Turbirditv (:ITU) Turbl?:lsity (NeTrU)*
Initial (Control) A0 s 1 £ {:(, XA
Final WSk [ 3%.0 o> | 235.%
Dosing Table: e
Starting Time (clock): { ( o )\ol
Time Dose Added

(min) (Drop)

Cumulative Dosage

(Drop)

Pre-filter Turbidity
(NTU)

9,

0.5 [

(
(.S

.')\-

|
[
t;‘ Il
[
I

g (

=
)

>

2

X
3
g
e
b
2
4

Notes:

* The filter used was a coffee filter.

3:0'5?-.»'\ *Aﬂ"f all_Jesls s fz-fbpﬁ (zé, 'fwiml% . dd oY

Mixing Guidance:

e Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results

Sheets and guidance developed through field testing of products

Test #8 Sheet of
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VQV

2]
" %
o
X e Test #9 WENCK
3 &
< <Q
Y orran® b i ki
g f{//é Indicate Field Analyst(s):
Date: / @ﬁmssodates, Inc.)

Site: ;7/ /‘fv’vtf{c{‘fc) = e5’1‘:.)__._1_5.)
' = (e

e A 0))

Product Tested: Biostar-CH (first) then APL Bridger (second) Significant Reaction? . 0 N

(Hild and Associates)

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? b N

o

Sample Parameters:

Time Temp Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) RY) L 4.b6 s079
Final ,;5—?' M, 3 6.- I 6 ,‘3 3 * gb

Dosing Table: {:&é(

Reading

Starting Time (clock): cum JU“PUI
Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity T:ﬂ______ﬁ"‘g Qux B.ls'"'
(min) (A or B) (Drop) (Drop) (NTU) 7 < | [{
¢ ® ‘ ‘ i\t > [ 18 X7
0.5 A l o (l/ 31 1z
i ”
l,_ 8 % i " v \ g | 2-F AdSo
(-5 A b 5. B3 |57
Z 3} o 4 (6 3 130 Jinz
25 K L:i 10 >4 Bl 535
B L), s W & =
£ . ql r
25 A x L4 B B\ sl4e
Product Code: A = APL Bridger, B = Biostar-CH 2% 7 & & —
Notes: ‘é § % < ‘S’-:g._
[ —
* The filter used was a coffee filter. ?{:5 J_ & (6] 33 36
‘E L‘
: 4]
¥ A ﬂ_l‘/ Jesh way ((*F?QLM “’Véw(//é Wt repn Suh af- LO76
Mixing Guidance:
* Add 1 drop Biostar-CH and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop APL Bridger and stir
for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING
IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait
remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.
Sheets and guidance developed through field testing of products test #9 Sheet i of
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N
Test # 10 WENCK

P
O

3z

b=

g _ SSOCIATES

%,

Responsive partner.

9
’OF TﬁP\“ Exceptional outcomes,

e 3/ 11 /16

w371 (5004 e}

&

AOF?TAT\O‘\

Product Tested: APL Bridger (first) then Biostar-CH (second) Significant Reaction? (“D N
(Hild and Associates)
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? m N

Sample Parameters:

. Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) 4‘ Jva u]/' f ( ’ 6 é 5792 ‘f
Final ;‘. "f' &\5—10 £,5—7 ?Dt ‘58

Dosing Table: s
Start Time (clock): OL"

Time Product Code Dose Added Cumulative Dosage Pre-filter Turbidity 'T:Mu,

(min) (A or B) (Drop) (Drop) (NTU) 1,_,_1
O A 3 |-

<
3

[ i (>3
L.$~

L

[ 5

R

A
dx3

Ei

2

Y MMM F

\;\

17

ol

173
o | a4qs
LY PR A 30

CP| > [P |30 | =D
O Wi g [ | W

2
2.8

Product Code: A = APL Bridger, B = Biostar-CH 2%

Palek
I
0.5 T m,{./if(
IS
p ==
A
9
A
B

Notes:

* The filter used was a coffee filter.

KAl ol Jesh mﬂJéfwa§>mauwmmwdq#ﬂm¢ﬁ

Mixing Guidance:

7

* Add 1 drop APL Bridger and stir for 5 seconds. Let sit to react for remainder of 30 seconds. Add 1 drop Biostar-CH and stir

for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat. ONLY TAKE TURBIDITY READING

IF BOTH BIOSTAR-CH AND APL BRIDGER HAVE BEEN ADDED, AND IF THERE IS A REACTION. If reaction is noticed, wait

remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products Test #10 Sheet l of !
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% - Test # 11 WENCK

& ASSOCIATES |
6\4’} \;éqo Responsive partner.
OF TRM

Exceptional outcomes.

; 4 Indicate Field Analyst(s):
Date: %/// //{, ( Kirby Templin Lm%nck Assaociates, Inc.)
" e

Louis.SiterraneWEREICASSocialbs
Site: Z 7/ §Yh ﬂi % ¢ <JEff Strom (WencK Associates, Inc.)
/
Other
o
Product Tested: APS 703d#3 Floc Log (Applied Polymer Systems, Inc.) Significant Reaction? Y m }
| —
f
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y N
Sample Parameters:
Readin Time Temp H Pre-filter Post-filter
9 (clock) (°C) p Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) (f;l&' (s | & bb s‘azq
s 38| @41 95 1#7¢

Dosing Table: ¢ .
Starting Time (clock): q & 6 5
Time Pre-filter Turbidity
{min) ., _(NTU)

5 Y%7 %
10 7% . &

Stir for 30 seconds
15 s00.—>
N 125 3
4\’1.’ 30 li/‘-or N&
¥ | 1903
>0 474 A4

Notes:

* The filter used was a coffee filter.

,%'LO'S/fm My all o) ﬂb}z;('a[—z}‘: P bie zﬁ, W iopvasud o SA3.7

Mixing Guidance:

= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

minute time.

Sheets and guidance developed through field testing of products Test #11 Sheet ‘ of l
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NES
h?@““ °’«‘r¢
(o)
X E Test # 12 WENCK
3 &
<, Q ;
el hespendimparner,

Indicate Field Analyst(s):
\____—\—._____
C/ffr_by Templin (Wencfﬁg‘@ciates, Inc.)

TisSigeereitisnaleiccosiaioomint. .

%//i//é

= ;
Site: ’; / ( g‘?”* ] [ h( Jeff Strom (Wenck Associates, Inc.)
Other

Product Tested: APS 706b Floc Log (Applied Polymer Systems, Inc.) _Significant Reaction? Y m

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y ﬁ
Sample Parameters:

Readin Time Temp H Pre-filter Post-filter
ading (clock) (°c) p Turbidity (NTU) | Turbidity (NTU)*
“ 1o o ¢
Initial (Control) 4, }-CI -‘)~ ’ i A, 6é 5’7)2q
« P | ; . ’ i .n
Final (0:3 1.9 6.04 2216 3374

Dosing Table:
75"
Starting Time (clock): \ }

L4

Time Pre-filter Turbidity
{min) _ (NTU)

g 494,
10 $d(n . D
Stir for 30 seconds
e /4 (17 'Y

o977
(e v g0k
5 ® .7

3 0 % b

Notes:

* The filter used was a coffee filter,

**‘A(\Lv -‘3” -1-’))) ey /Z-Vaﬁf-«{/ 'f-‘—hfé"df}) iva? gy s r.'w(‘ at &77.9

Mixing Guidance:
7
= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon. Stir for 1 minute and let sit for remainder of 5

L05pw

minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute time. Test turbidity at the 15

Test #12 Sheet ﬁ of b

minute time.

Sheets and guidance developed through field testing of products
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WNESQ VIRV
s ~n

SN
: & Test # 13 WENCK
3 k
6%. QQO Responsive partner.
OF T‘HPS\ Exceptional outcomes,

Ind[ca!.:g Field Analyst(s):
Date: g/f //(" m.ﬁssociates, Inc.
site: 37l (S)”‘{( 7{76) ka :

Other
Product Tested: APS 703d#3 and APS 706b Floc Log (simultaneously) Significant Reaction? Y A}
(Applied Polymer Systems, Inc.)
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? Y A(]
Sample Parameters:
Reading Time Temp pH Pre-filter

(clock) (°C)
Initial (Control) 5]__'3\() oLl £. b6 Sol4q
Final 10,37 14 5.490 | 345.

Dosing Table: -
Starting Time (clock): 61 \ ,-5

Time Pre-filter Turbidity
(min) (NTU)

= 150)-4
10 W 7. q
Stir for 30 seconds
15 43, %
20 &7{) l
SH L 2040 g0y
29 | 49 .D
30 | 45,

Notes:

* The filter used was a coffee filter.

£ O)fn KA oll Jofs /O.m‘cl%\ ot bi f 7 pAs_ Pewmeasund Aw)-glé’if"

Mixing Guidance:

= Add 1/2 pencil size eraser piece that fits in a drop size measurement spoon for both products simultaneously. Stir for 1 minute

and let sit for remainder of 5 minutes. Test turbidity at the 5 minute and 10 minute times. Stir for 30 seconds after 10 minute

time. Test turbidity at the 15 minute time.

Sheets and guidance developed through field testing of products Test #13 Sheet _\ of 4&_
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment F

Sample 5 (Grab samples from three separate BMPs from a Hwy 36
and Lex. Ave. construction site in Roseville)

H-78
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VQV

5 5 Test Checklist WENCK
E 3
6\4/?, QCJ Responsive partner.
OF Tﬂﬁw\ Exceptional outcomes,

g//,&//é Fiel .
Date: irby Templin (Wenck Assogjates, Inc.)

g _‘,-u-_uur-'llL'Ii'l"m'.'
Site: HWV ?/ L § (6\//_.
Other (‘—_\___/763 ( ‘!‘b's‘ e

AsSoclatess Inc,

Product Test List
Test #| Test Completed Product Name Manufacturer
$ 1 )<\ Contral -
4’ 2 x Floc 06 Innovative Turf Solutions
| 3 x SCI-CW-AO Standard Contracting
4 Earth Poly-Stable Plus Earth and Road
-ﬂ 5 7( Liquifloc 1% Dober
6 LB2101 (first) then Liquifloc 1% (second) Daber
.gﬁ 7 '7\ Biostar-CH 2% Hild and Associates
8 APL Bridger Hild and Associates
g9 Biostar-CH (first) then APL Bridger (second) Hild and Associates
10 APL Bridger (first) then Biostar-CH (second) Hild and Associates
11 APS 703d#3 Floc Log Applied Polymer Systems, Inc.
12 APS 706b Floc Log Applied Polymer Systems, Inc.
i3 APS 703d#3 Floc Log and 706b Floc Log (simultaneausly) Applied Polymer Systems, Inc.
Measurement Spoon Equivalent Measurement Volume Equivalent (fl oz) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspacm 0.04167 1.232

nna‘z\f'lu.—huf-h( ons ﬂc.
How (7 Dw{?; 24. Specihe c;,wj. s 3

B20 (welr) | )
‘ ( | Lans 17 (000 ke £ /i3 654.9 /A%r g/k.om'z C»mb (
JJ;‘.lw,,f\ Conbn ;‘L? ‘(_,c'j_", Pl A@

. illse r%
K‘Z/A"Df/‘h% ",-jﬂ/mZ- N"/)(f”'f/ff

Sheets and guidance developed through field testing of products

Biost CH 4% )14 56 wAvy (WA



WNESgo VARV
SR, (A
» E Te st # 1 W E N C K
E &
<, Q A
W op b iosin i)

S /17
- fh7 3¢ LEx  Osav

Product Tested: Control

Mixing Method: No Mixing Method

Sample Parameters:

Pre-filter Post-filter
Turbidity (NTU) | Turbidity (NTU)*

-4 0 | (D

Reading Time Temp (°C) pH

19}/50’)9[0‘ Initial ? {72,

7kl a9 744 2 8.9
jﬁlotesfwc( /ﬁ‘ﬁ{s— A"f a\ ’7 L/q ,"ﬂé _5"

* The filter used was a coffee filter.

s The control is a reference that can be used to compare the results from the products that were tested.

» There were no products tested in the control.

Sheets and guidance developed through field testing of products Test #1 Sheet of

H-80



% g Test # 2 WENCK

SN\ &L ,
‘;Cp Responsive partner.
OF TR Exceptional outcomnes.
/ Indicate Field Analyst(s):
Date: g/ (l/ﬂr Kirby Templin (Wenck Associates, Inc.)
3 /

Louis-SigkermanstWenck Associates, Inc.)
Jef-StrorT{Wenck Associates, Inc.)
Other |6t Tesg

Site: (L’""'"‘\ ?’(t’ %’Le?"- OSczr

Product Tested: Floc 06 (Innovative Turf Solutions) Significant Reaction? @ N
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y m
£
Sample Parameters:
Reading (;i::ﬁ) 1;?:)” pH
Initial (Control) fo ':U\ A I~ §, ' % ;00
"5’ Final "3,‘1’§7 ZE&. | C_:,-.;]
\ W Dosing Table: — 2 ) — e
47Lstafﬁﬁg_:r_l_n:; (clock): [0 1T - -_-"“\H.___________ t ttél d\i WL 5“‘\/&(’ ‘Qi
Time Dose Added Cumulative Dosage Pre-filter Turhidlf}/ . _
(min) (Spoon - Drop) (Spoon - Drop) (NTU) [ .
©. / [ ! S e T
©. 5 / 2 3¢y Iy OU—L\&E\,,r
Gy l 3 26o | .
I : xR T
W' |5 [ 5 (#] 211 Wi
23 y 7 99 T\ ¢«
25.€ 4 13 (64 \ -
: 7\ f ?L 5
e TR
Notes: d/

e g&n
* The filter used was a coffee filter. /—\ ——

= Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for inder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products Test #2 Sheet f of _{
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Q\“N E So),

)

VQV

o %
o
> E Test# 3 WENCK
3 k

<

S Responsive partner,
%OF T RP‘\ Exce;tional oﬂtcom;s.
/ Indicate Field Analyst(s):
Date: (9; f‘z}//(ﬂ Kirby Templin (Wenck Associates, Inc.)
) _ Louis Sigtermans-(Wenck Associates, Inc.)
Site: {'{H"‘ A 30 i LGAL Oscer JeffStrom-{\Wenek-Associates, Inc.)

Other JOG"—- Tose

Product Tested: SCI-CW-AQ (Standard Contracting)

Significant Reaction? (¢~ Y) N
s —

Mixing Method: Rapid Mix (Shaking)

Reduction to < 50 NTU? /Y ) N
—

Sample Parameters:

Rawding (Ili::i) T(?:;)p _BH Tur:ir:i-tf\i;liiw) Tur:::lsi:;ﬁ(l:;lru)*
Initial (Control) oD 25,1 O 0] 7 1000
_\r.,jw.,)( Final [eiy 2} 6 LY 3&.G
Dosing Table: __ ———
Starting Time (clock): /& ()
Time Dose Added Cumulative Dosage Pre-filter Turbidity
/ {(min) (Spoon - Drop) (Spoon - Drop) (NTU)
O ( |
X[ Cer l 2 56
V[ b.s | X (23 <
$ [z , / 7/ g
N 25 y 5 5/.8
22,5 ¥ 12 0.4 ) i /
jS\+[3
T
Notes:

* The filter used was a coffee filter,

Mixing Guidance:

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results,

H-82

Test #3 Sheet _/ of J_



g
3

o

VQV
WENCK

Responsive partner.

OF TRP&‘\ Exceptional outcomes,

: Ind[ﬂ%@:@u‘ alyst(s):
Date: ?//‘-J}//C irby Templ]Mk Associates, Inc.)
y . w es, Inc.)
Site: [?l""7 ?6’ & EX OS (J 3 ,In:.)
: g, foro

ARN

[

Reduction to < 50 NTU? m N

Test#5

ON A
ORTaTIO™

Product Tested: Liquifloc 1% (Dober) Significant Reaction?

Mixing Method: Slow Mix (Stirring)

7
Sample Parameters:
. Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) (0: 1 dom | XS] q .00 > 1000
Final i l 'J\q &g."f '7- g sza-#é

jes

Dosing Table:
/Si:artlng Time (clock):

e

_,——‘—"/__“v
|(o¢

—-.L._______‘_____“%_

o1

Time Dose Added Cumulative Dosage Pre-filter Turbidity
(min) (Drop) (Drop) (NTU)
0 L. Z 40,0
~

¢

Sz 82

w7

-

Yo. 46

Notes:

* The filter used was a coffee filter.

Mixing Guidance:

- [
e Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is foti repeat. S’d J&;f— ) A,, )‘n /,; /
v
4

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until dem

Test #5 Sheet ’ af\

f

Sheets and guidance developed through field testing of products
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3

NES
N 0%

2
<

5

<
%OF TRAY

e IV /6

Test# 7

Site: }’%/«/ ?é Zé)( ﬂ‘((A'O\

Indicate

nalyst(s):

VQV
WENCK
[ asSociates |

Responsive partner.
Exceptional outcomes.

Kirby Templin (Wenck Associates, Inc

lest

Product Tested: Biostar-CH 2% (Hild and Associates) Significant Reaction? Y N
| W
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? ¥ N
| —
Sample Parameters:
Time Temp Pre-filter Post-filter
Reading (clock) (°c) Bt Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) (01 Ty ¥, 00 =00
.-( Final ‘{,,)‘A\ .._Dﬁr—é?—~..._t7r5,'7 LfO.j-7 Qg)
Dosing Table: — —,Z____\_\H_ ~ .

r/ = .
Starting Time (clock):

1R/

\

Time
(min)

Dose Added

Cumulative Dosage

(Drop)

Pre-filter Turbidi
(NTU)

(Drop)

p =

(0] |

ds
2

¢.

58. [N )

Ve’
7. 5%
5%

N

6

10, 7 |

—

“-_-\_"‘--.

Notes:

* The filter used was a coffee filter.

Mixing Guidance:

LlesH) T v b

» Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat:

Sheets and guidance developed through field testing of products

H-84

\\_—_'—'—'_—‘ |

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Test #7 Sheet 4[_ of _{_



Vov

Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment G

Sample 6 (Runoff grab sample from a Hwy 96 construction site in
the north metro)

H-85
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Test Checklist

sie:_Bieht Lol sde

H«/ 76 Fudide Ros

A
WENCK

Respaonsive partner.
Exceptional outcomes.

Fle!pl__Anal\Ei:gf):
Kirby Templin (Wenck"m;saciatest Inc.)
= 7

Jbﬂ' Stron?'{%ﬁfl{‘kssbaal;s, Inc.)

ﬁ% W/ Shatrere

m"ﬁmio&

Product Test List

Test #| Test Completed Product Name Manufacturer
1 S Control -
2 :\< Floc 06 Innovative Turf Solutions
3 e SCI-CW-A0 Standard Contracting
4 Earth Poly-Stable Plus Earth and Road
5 b Liquifloc 1% Dober
6 LB2101 (first) then Liquifloc 1% (second) Dober
7 X Biostar-CH 2% Hild and Associates
8 APL Bridger Hild and Associates
9 Biostar-CH (first) then APL Bridger (second) Hild and Associates
10 APL Bridger (first) then Biostar-CH (second) Hild and Associates
11 APS 703d#3 Floc Log Applied Polymer Systems, Inc.
12 APS 706b Floc Log Applied Polymer Systems, Inc.
13 APS 703d#3 Floc Log and 706b Floc Log (simultaneously) Applied Polymer Systems, Inc.

Measurement Spoon

Equivalent Measurement

Volume Equivalent (fl 0z)

Volume Equivalent (mL)

Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoaon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

Sheets and guidance developed through field testing of products

H-86




\WNESQ,, VRV
O 9, Q

% Test#1 WENCK
&

$9q° Responsive partner.
OF TRP‘ Exceptional outcomes.

4 . é _//6 Field Analys
Date: Kirby Templin (Wenck Associates, Inc.) )
- g

Site: g}'f C‘/l ?()Jw 91"6_, !‘17 qz Lw{mé Jeff Strom nck Assoclates, Inc.)
. % e
utiy S,LL. MA‘UW Other !_'_).44./\/--:.. Q&_\_L}\IWL

Product Tested: Control E@&mﬂ@:ﬁ

WHiVag,

éb

Mixing Method: No Mixing Method 0 tionto < 5
Sample Parameters: S/[ 7, X
< i Pre-filter Post-filter
o
Reading Tme | Yamp(*6) pH Tubidity (NTU) | Turbidity (NTU)*

Initial U 50pd 10009

Final

Notes:

* The filter used was a coffee filter.

= The control is a reference that can be used to compare the results from the products that were tested.

» There were no products tested in the control.

# collef L sy Lt Gkl Iiibe iy
o '%\7‘ >
‘ftf
(/;(7 !-//’em\ 5 7%1 ﬁ'l“ G M Se M?"d Q.‘ Suf@«

Sheets and guidance developed through field testing of products Test #1 Sheet [ of /
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Y 4.6 K
2 g Test #2 WENCK
2

Responsive partner.

D
o
%OF TRPS\ Exceptional outcomes.

Indicate Fi A A
q, 6 _//é ca i N"‘Vﬂ(")\
Date: Kirby Templin (Wenck Associates, Inc.)

Site: B;fé‘fl 7()~LJ- gm(‘c, qu‘?'l’wlal‘@mm

W‘?:M;(L" @"”/A"U"ﬂ Other i

=

Product Tested: Floc 06 (Innovative Turf Solutions) Significant Reaction?

AN

Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y N

Sample Parameters:

Tim Te Pre-filt Post-filter
Reading (cllocﬁ) (°rg)p pH Turbir:ity (?urTu) Turh;:lit\r (NTU)*
Initial (Control) “{,'0 am | [6 09 4 .34 S)7.% _
Final > [ {3 15,36 ‘F Lé | 103.0 oo+l YV
4

‘Dosing Table: h\m\' 5(\.\&\,\ Co LL\
,\Starl:mg TT:Z (clock): f}\ Od ’{”V\ 53) %
\%Jﬁ il'lr!m Dose Added Cumulative Dosage Pre-filter Turbidity ‘6
,J-’ (min) (Spoon - Drop) (Spoon - Drop) (NTU) . (u) o 3 L’LO f L, h’h}
ol 0 1 TAK 3.0 5 o
y._
S

Ve 2 . = 5.4

e | 8-63
A
;

Notes: PN |
N

* The filter used was a coffee filter.
VY
Dos &‘gf’

Mixing Guidance:

e Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Sheets and guidance developed through field testing of products Test #2 Sheet of z
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= "

o, K
n (@]

2 = Test #3 WENCK

3 &
<, Q )
Yrorrany? e,

q/é = / () Indicate Field Analyst(s):
Date: mlin (Wenck Associates,ﬁ\

Site: ﬁr!élf\ jA_L S;J—QL H}qud’l,d‘u[é 4 Jeff_Stromencksociates, Inc.)
lve iy 5;9_9_/ MM Other bunyr\-n 5"'5«1@)%&_

Product Tested: SCI-CW-A0 (Standard Contracting) Significant Reaction? @ N

Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? /‘?) N

7

Sample Parameters:

Time Temp Pre-filter Post-filter
(clock) (°C) Turbidity (NTU) | Turbidity (NTU)*

Initial (Control) ” 50 [b.09 33| 5173
Final = LM% | 749 [7A] 104,
Dosing Table: @M d V'}* h\_”\:‘gb ‘S Cevel g !1\-/7 3‘:‘*42 j/ .
Starting Time (clock): ()’ ¢ %ﬁ"l\

Reading pH

Time Dose Added Cumulative Dosage Pre-filter Turbidity
{(min) (Spoon - Drop) (Spoon - Drop) (NTU)
~J| .. [Togd | Teacd dod WA el
Y J‘l\ . !

L Tad 2 Tad 99. 79
@\ [Tad 1o (>0
1 ed UYAend e

N SHM [ Rep 13+ nomecti, o Feemple Y
L/ [dwep 24
¥/ . | .0y 3dep $
) dudy Jddps 1. € 'Tm SN

\‘\ Notes: (A 5":’"/“’]() S [O )/ 5 wlii o= g
")L The filter used was a coffee filter. )ﬁ{r@ﬂ\ 6(’(":]0' z q?’ 3 ' fed-v?a ‘ Lf({?

(’f 5 el Z/a lsc’d.».-;rf f) )‘{ i‘:;ﬂ 81D
9‘@% Odwrps 35 A
CF Thadbel N doopd $RYB )U”? d
. | ' 2T 67 G L

* Add 1 Drop (Measurement Spoon) xo sample bottle, close lid, and Jhake for 5 seconds, Let sit to react for remainder

Mixing Guidance: l

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

Test #3 Sheet l of l
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Product Tested: Liguifloc 1% (Dober)
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A
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Responsive partner.
Exceptional outcomes.

t#5

Indicate Field Analyst(s):

Kirby Templin (Wenck Associates, Inc.) 1

Jeff Strom (Wenck Associates, Inc.)

Other wa};nc__ (-lr?-nlw\,)\

/%)

%i’

Significant Reaction?

Mixing Method: Slow Mix (Stirring)

Reduction to < 50 NTU? m

Sample Parameters:

\’?@D/}{ %(W‘m/\

= Time Temp Pre-filter Post-filter
Reading (clock) 0 PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) () 570 n (.64 339 SI7.% .
Final &‘P}']ﬁtﬂ"l’ﬁ [L. &7 7‘!3 — ?‘-’f'7 ?Lo,\-’?)
Dosing Table: bf) f?“"“‘”f ’*;'v-’v& 01;/. 5

& 13

Starting Time (clock):

BN

o ~ (Tlr!-:e) Do(se Adt)ied Cumul?tive I))osage Fre-fllt(er Tuu)rhldity . o 7(.\}” (_L
. Q- (min Drop Drop NT & A o e
PO T I ks [ i de T Tov & ey e LIS
O s [SShaps | oo /LL g 1 7/ Bos
o ;___,.., . = ; N
2K TS ST R Ay
LA ﬁ“'L\L

‘ﬂ‘ f)Lf’)

.Iax |

[3
S’CI’O
lol- 3

——| [
E;G\Q'-OQ S"\\

™ {0 |*

é&{—/—:f Notes:

71.89
Sa.2&

> L HeA s F0.1§

* The filter used was a coffee filter.

‘T:ML/ .‘ ()\‘: &\n e ]
Too 2497
PH _7.24

Condwe b vd; LD, 6

Mixing Guidance:

« Add 1 drop and stir for 5 seconds. Let sit to react for remainder

of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products
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Product Tested: Biostar-CH 2% (Hild and Associates)

#7

M A
WENCK

Responsive partner.
Exceptional outcomes.

Indicate Field Analyst(s):

Kirby Templin (Wenck

clates,tnc.)

Significant Reaction?

£)

Mixing Method: Slow Mix (Stirring)

Loy
Reduction to < 50 NTU? A") N

Notes:

flofs 05

/?05

13-60 Pillene A

* The filter used was a coffee filter.

b AP\ 20daPS \ L-/C, 72 u.of [~ d

Dt/

g>

Z AE’\LQJ

Towma I; :b")ﬂ“"

215,00

T’
A

~7, 66

Mixing Guidance:

p Ay 32 b5

\
» Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 secands. If no reaction s noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products
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Sample Parameters:
Reading (Illcr.::) 1;?::1)'3 pH rur:ir:i-t:?:egtw) Tur:i‘:isi':;ﬂ(l::;m*
Initial (Control) H?SO g “3 5 04 g P Aé’ {/7, j
o WAAILG | 16.0F | 753 | 99.09
Dosing Table: "W@’ e "ULL‘( '{ﬂ \4} )..é: _?_. 7
Starting Time (clock): l ').- 1:,5
Time Dose Added Cumulative Dosage Pre-filter Turbidity
(mjin) (Drop) (Drop) (NTU)
%N (S d4~p [Sdeps|  RTP-
b= [Sdap | 3odof| Grd
S dep YSd P B9 .06
i f7le e T2 2l o ==
" 3\5\1\,9 % AyogS NO ponchin N T2 sh
I)«I\)JX O—f\,fi/‘.l L" AW5 23( y )
X’ 2deop C'dgs /e.e S
UdoPs | jodps | 233 -
(VVaY 'Ff l'}""""“ d

™
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Attachment H

Sample 7 (Synthetic sample made from a Nemadji River construction
site soil and distilled water)

H-92
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Date: p "g ,

Test Checklist

VQV

WENCK

Responsive partner.
Exceptional outcomes,

Site:

'f&,l«rr.

(,_ wn{\. so:l Sa.wwLa.-k

pen(bupMlsn Greck

Dishllad— vatey™

Field Analyst(s):
irby Templin (Wenck Associates, Inc.

Product Test List
Test #| Test Completed Product Name Manufacturer
1 x Control -
\
2 LS Floc 06 Innovative Turf Solutions
3 X SCI-CW-AQ Standard Contracting
5 7« Liquifloc 1% Dober
7 \L\ Biostar-CH 2% Hild and Associates
{

Measurement Spoon Equivalent Measurement Volume Equivalent (fl 0z) Volume Equivalent (mL)
Drop 1/64 Teaspoon (1/2 Smidgen) 0.002604 0.07701
Smidgen 1/32 Teaspoon (1/2 Pinch) 0.005208 0.1540
Pinch 1/16 Teaspoon (1/2 Dash) 0.01042 0.3081
Dash 1/8 Teaspoon (1/2 Tad) 0.02083 0.6161
Tad 1/4 Teaspoon 0.04167 1.232

H-93
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Test # 1 WENCK

Responsive partner.
Exceptional outcomes.

’0/ ,3 I’/ér Field Analyst(s):
Date: Kirby Templin (Wenck Assaciates, IAc.

st Mool Am/mw/&ﬂéa T ——

(/ ikt Fomptl lehlli:Ql ‘omped) ovaleloccca Borman

Product Tested: Control

Mixing Method: No Mixing Method

Sample Parameters:

. 5 Pre-filter Post-filter
redding Tima | Temp/(°C) bH Turbidity (NTU) | Turbidity (NTU)*
Initial (0" Bpo | () - .54 = \®o

Final — |

Notes:

* The filter used was a coffee filter.

#Dwvw M dUch,p = %a mﬁlvbehl_-l{ h compen S
S Lo ’F‘-'fhd";v 00, Bom capl 'S >[600 MU

e The control is a reference that can be used to compare the results from the products that were tested.

» There were no products tested in the contral,

Sheets and guidance developed through field testing of products H-94 Test #1 Sheet L of \

Id



NES,
R\

Y
WHVag,
waﬂd$

$3

(o)

Q
-2
OF TP

[0-3] -1}

Date:

Test # 2

Site: NQ“‘ '\9\5’] A’m ﬂ&dow”ﬂ\dﬁe(_'ﬂ)

(%ywﬂ&ﬁl sxﬁéftdh!k”}&Jﬂa

Product Tested: Floc 06 (Innovative Turf Solutions)

‘ql!"
WENCK

Responsive partner.
Exceptional outcomes,

Indicate Field Analyst(s):
Kirby Templin (Wenck Associates, Inc.)
igterrems=( NemEEiasetates. Inc,

eSO (VWEnCck ASsoCld

Wi io;/ }wa Other Rc!o&((k [=or ma

Significant Reaction? /‘ﬁ N

Mixing Method: Rapid Mix (Shaking)

Reduction to < 50 NTU? m N

Sample Parameters:

Time Temp

Reading (clock) (°C)

Pre-filter Post-filter
Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

BL

Final

(05 2

Dosing Table:
Starting Time (clock):

Cumulative Dosage
(Spoon - Drop)

Time Dose Added
(min) (Spoon - Drop)

Pre-filter Turbidity
(NTU)

e, (

[

2¢0.|

Z. 5

1459 .

723104 | \g.77

| et ||

X4
1.5

ANl e

Ys~ .43

Notes:

/

S
[[:03 ph Ikl 7;31/0,%'

* The filter used was a coffee filter,

/\—a/
/ (.? &fﬁ(eA +E4
( U 1 Ta)

5.6 M

\A

Mixing Guidance:

¢ Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

until desired results.

H-95
Test #2 Sheet l of |
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= & Test # 3 WENCK
2 &

2 Responsive partner.

2
(o] E TRP‘ Exceptional outcomes,

S

Indicate Field Analyst(s):

Date: 10’3”’b
Site: /Vi»ma&ﬂ /Jm.PA. ﬂhowf’lbn

Kirby Templin (Wenck Associates, Inc.)

R—(,LL((A | Pdfmm

(s)""‘mnrh( S‘M—PL‘ Lv-'ff'-\ sei | Sﬂuzﬂl-t Other
W Disdild w
Product Tested: SCI-CW-A0 (Standard Contracting) Significant Reaction? m N
| —
Mixing Method: Rapid Mix (Shaking) Reduction to < 50 NTU? Y /N)
/
Sample Parameters:
Time Temp Pre-filter Post-filter
Reading (clock) (°c) PH Turbidity (NTU) | Turbidity (NTU)*
Initial (Control) /
[ [14-F | 243 [ 3XZT [ fL4.6
Dosing Table:

(5 p

Cumulative Dosage
(Spoon - Drop)

thgam [238.1 NTu

Starting Time (clock):

Dose Added
(Spoon - Drop)

Pre-filter Turbidity

Time
(NTU)

(min)

S
+

0-5 453
(.S 5313
[ Yt <

21(6-8

8.

&
PN
A
d
5

¥
&b -\

\ 34 |

172
g

>

— (68 4L lixpl

* The filter used was a coffee fu.te\/

[leS ph 287 *i;.f H,%

e
\ [ 7Taq

> 0.9 I

N
R

Mixing Guidance:
* Add 1 Drop (Measurement Spoon) to sample bottle, close lid, and shake for 5 seconds. Let sit to react for remainder

of 30 seconds. If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat

Test #3 Sheet k “of ‘

until desired results.
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TATO™

ASSOCIATES

Responsive partner.

@AOR

)
l1,}01-?-' THPS\ Exceptional outcomes.
Indicate Field Analysk(s):

o 10-31-14
Site: /{/19“1&\6{"}'1 AA,W/IUWN”I G&L«

La. ét, Sa
(/fﬁla.hc Swya ;ﬁquli& ud—vﬁj

Product Tested: Liquifloc 1% (Dober)

Kirby Templin (Wenck Associates, Inc.

Significant Reaction? m N
v/

Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? @
%“3

A?(M

Time Temp pH Pre-filter Post-filter

Reading (clock) (°C) Turbidity (NTU) | Turbidity (NTU)*

Sample Parameters:

Initial (Control)

Final A:OODN Irs'q 9 [ \%3.{0

; . | ) = == ..&l'
Dosing Table: ) 340pm . 18 19- IR - Wﬁ \ h
Starting Time (clock): ' . 0@ CﬁF‘a _,_3 ‘{/( S’I) 3}4,{3{

Time Dose Added Cumulative Dosage Pre-filter Turbidity oLé

(moin) (Diop) (IDP) (NTU) g u‘;] 5-" (_:t ﬂo|
Lf6 P[] #¢ m@} L
q

X

3

3 19~
i (¢
Y

lf

o

,..-

V) 554 9
LF $4q7,0 \ |
J4 g >4 2332

* The f:ilter used was a coffee filter. / !l : {{) > L" (Zg (TM )[) ‘7
e / .

P 0glaps 397
K l‘;,l'{v cs A4 vV L3 T T
\

Mixing Guidance:

S = ———

» Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 1 minute. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

H-97 Test #5 Sheet l of )
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5 = Test#7 WENCK
2, &
< Q :

Yror rar’ b vt i

(Q/M‘: ajrvf \Nl;nt 591{ ba-agg Other

1shille) wadter
Product Tested: Biostar-CH 2% (Hild and Associates) Significant Reaction? ] Yj N
L
Mixing Method: Slow Mix (Stirring) Reduction to < 50 NTU? ¥ m
\/

Sample Parameters:

Rasdin Time Temp H Pre-filter Post-filter
9 (clock) (°c) P Turbidity (NTU) | Turbidity (NTU)*

Initial (Control)

331 | I5.% 7 4164

Dosing Table:

Starting Time (clock): d‘ ‘f O ?“\ﬂ% ld 7‘ J\
(1::?:) Do(s;rﬁic)led Cumul?ll::'i::pl;osage Pre-ﬂlt:erLl.;rbidity
7 £ 2!%
| 2
".55 T3 ‘;q 7'000
2. 3 L T%. 3
EAS 3 (5 75%8.4
(4. 3 (& 6.7
e
LS 4 5-
(< _’S — 514 (7).3 { e

* The filter used was a coffee filter. /’_’/—ﬁ\—,_—,—/ | Wa)
e 120 - {)h .05 ‘_{'@vﬁa IU.7

7 F Rap ik et 5 | ,.,
e T+ 5 LT7.0 NIk
— *

Mixing Guidance:

\

* Add 1 drop and stir for 5 seconds. Let sit to react for remainder of 30 seconds. If no reaction is noticed, repeat.

If reaction is noticed, wait remainder of 5 minutes to test the turbidity (Allows floc to settle). Repeat until desired results.

Sheets and guidance developed through field testing of products H-98 Test #7 Sheet J of ]
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Technical WENCK
Memo

Responsive partner.
Exceptional outcomes.

To: Dwayne Stenlund and Bruce Holdhusen, Minnesota Department of Transportation
From: Kirby Templin, Jeff Strom, and Louis Sigtermans, Wenck Associates, Inc.
Date: March 3, 2017

Subject: Photos Memorandum

This memo includes photos taken throughout the course of the study of field sampling and
testing, and photos of the samples test results.

1. Field Sampling and Testing Photos

Photo 1. Tailgate Test Kit being used in the field

Wenck Associates, Inc. | 7500 Olson Memorial Highway | Suite 300 | Golden Valley, MN 55427
Toll Free 800-472-2232  Main 763-252-6800 |.4Email wenckmp@wenck.com  Web wenck.com
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Photo 7. Field equipment used for tailgate test
(left to right) Stopwatch, turbidity meter, plastic disposable pipette, and pH meter

Photo 5. Samples in plastic cuvettes to be measured by a turbidity meter

2
I-2
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

S A b -—

a

Photo 3. Field anal{/s.ts performing a test with the Tailgate Test Kit

o ¢ \ " ' 5
7 : O b

| Photo 4. Field analyst adds dry powder product to a samplé

3
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Photo 8. Field analyst collects a grab sample or construction stormwater runoff

4
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation
March 3, 2017
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Responsive partner.
Exceptional outcomes.
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Photo 12. Dewater actlwty at a construction S|te

T:\0791 MnDOT\44 Tailgate Test Kit\Task 4 - Field Testing\Photos MemorandumV2.docx
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Photo 2 - Settling Tank for construction stormwater discharge

7
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

2. Sample Test Results

Photo 15. Sample 2 Results (Highway 53)
Tests #1-13 in order from left to right

R S
Lar—. — .

- ) w6 o -

s -

] i ke MeE @‘ MRE MRE M M T ¢

- T o f y e

-

Photo 19. Sample 3 Results (St. Paul Technical College)
Tests #1-13 in order from left to right

3
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017
Responsive partner.
Exceptional outcomes.
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Photo 16. Sample 4 Results (Highway 371)
Tests #1-13 in order from left to right

Photo 14. Sample 5-1 Results (Highway 36 and Lexington Ave)
(left to right) Tests # 1, 2, 3, 5, and 7

9
19
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Dwayne Stenlund and Bruce Holdhusen
Minnesota Department of Transportation WENCK
March 3, 2017

Responsive partner.
Exceptional outcomes.

Photo 17. Sample 6 Results (Highway 96)
(left to right) Tests # 1, 2, 3, 5, and 7

1

Photo 18. Sample 7 Results (Nemadji)
(left to right) Tests # 1, 2, 3, 5, and 7

10
10
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Toll Free: 800-472-2232 Email: wenckmp@wenck.com Web: wenck.com
1-11





